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A Large Can of KEYSTONE GREASE 
A Fine Brass Grease Cup and 
An Engineer’s Collapsible Lunch Box 


Any engineer can have ALL THREE Absolutely 
Free, express charges paid, by simply writing us. 
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Send us your firm’s name, H. P. 
of engine, on what bearing sample 
is to be tested, its width, R.P.M. 
and size of tap for cup. The instant we hear 
from you we’ll ship you the three articles. Then 
ee you can prove for yourself that KEYSTONE 
= GREASE is the World’s Greatest Lubricant. 
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Write—right now! 


KEYSTONE LUBRICATING CO., 


Dept. B., PHILADELPHIA, PA. 


—610 Chartres St., New Orleans,La. Chicago Office—1210 


i ’ ' - . hern Office 
New England Office—10 Oliver St., Boston,Mass. New York Office 96 Warren St. Souther 908 Market 8t..flan Francieee,Cal. 


Tacoma Bldg. Northwestern Agt. and Warehouse—502 McPhee Bldg.,Denver, Col. San Francisco Agt. and Warehouse— 
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Scale is a Tough Proposition. It’s there when you think it isn’t. 
It’s a hard, nasty job to remove it. It requires consistent, persistent 
fighting to keep the boilers free of it. All the time it’s there it is 
burning out the tubes, straining the joints, hiding incipient cracks, 
curtailing the steaming capacity and increasing the fuel consumption. 


There’s only one way to handle scale—remove it mechanically. 
Compounds don’t prevent, much less remove it. No purifying system 
will remove all the scale-forming elements. Do what you will, scale 
will form—so just remove it when it does form. 


The Dean 
Boiler 
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Removing Scale from the Tube of a Return Tubular Boiler. Callie i 


makes scale removal easy, quick and economical. Cleans ten to 
thirty tubes an hour. Cleans tubes of all types of boilers. Does 
thorough work. Built strong—no delicate parts to get out of order. 
Outlasts three Cleaners of other makes. Endorsed by Government 


officials. Used by biggest concerns the world over. Does not injure 
the tubes. 

















Let us acquaint you with the merits of the Dean. We’ll loan you 
one for the purpose of trial in one boiler. 


“From Water to Steam’’—Yours for the asking. 


THE WM. B. PIERCE COMPANY, 


London Office, JEWETT BUILDING, Chicago Office, 
13-15 Wil Street, 1001 M d k Bldg., 
ter laa E.G. BUFFALO, N. ws my amen: i 














oa pery 








July 14, 1908. POWER AND THE ENGINEER. 3 


| Semectte-On 


Elastic Cement 


Stops Leaks And Keeps 
Them Stopped 


Smooth-On Elastic is a Hydraulic Iron 
Cement, especially prepared for use on all 
seams of boilers or tanks to stop leaks, also for boiler patching 
and for screw thread joints. Applied as a paint, paste or putty. 
It adheres firmly to the surfaces of hot or cold metal, and its per- 
fectly satisfactory results are proved by the following fac-simile letter. 
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Smooth-On Elastic Cement, when hard, will withstand fire, steam, . 
water or oil, and it expands and contracts the same as iron, in- 


suring a perfectly tight joint at all temperatures. There is no 
equal to Smooth-On Cement known, 


Send For Illustrated Catalog And Prices. 


SMOOTH-ON MFG. CO., jersey any Ng USS 


Chicago Warehouse, 61 N. Jefferson St. San Francisco Warehouse, 94 Market St. 
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that you are standing in 
the way of your own com- 
fort and success by not 
using 


Eb ” Black Pp ki 
Onite sie Packin 
The best operated industrial plants in America 
use EBONITE. Long ago they. discerned that 
of all the sheet packings, ERONITE alone could 
keep things going smoothly and inexpensively— 
as a plant should be run. 








EBONITE first came into fame by its success in superheated 
steam joints. But for high steam, gas, oil, acids, water, etc., 
you will find it equally superior to all other packings. Give 
Ebonite a trial. You'll have less to worry about and the boss 
will think more of your ability. 


Quaker City Rubber Company 


Philadelphia and Chicago 
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VY OLUMES have been written authoritatively on 
the excess cost of producing a given horse- 
| | power in boilers that are coated with incrustation. 

Scale one-thirty-second to one-sixteenth inch 
thick increases the fuel consumption ten to fif- 


teen per cent., and greater scale thickness means greater 
loss of heat. 





In these times of keen competition, when the greatest 
manufacturing economy must be exercised, the Engineer, 
Superintendent, Manager, Owner, are vitally interested 
in reducing these unnecessary operating expenses. 


That the boiler water troubles are being successfully 
handled by the Dearborn Company, in 11,000 steam 
plants, keeping boilers clean, and preventing waters 
from pitting boilers and tubes, the work being done 
under a combination scientific laboratory and _ practical 
engineering guidance, should appeal to the discriminating 
operator desiring to better results. 





Gallon samples of waters required for analysis, after 
which we will tell you how to remedy the troubles you 
experience, and the cost to do it right. 
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AMERICAN MACHINIST. 


MONTHLY EDITION 
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Are You One ot These? 


Are you one of the thousands of engineers who are called upon to do 
tinkering and repairing about the plant? 








You’ve found some jobs easy, many have tested your skill to the ut- 
most and some have stumped you completely. Probably you’ve called a 
man from the machine shop only to find that his ignorance of engines dis- 
qualified him for your work. 


Suppose that you found a way to’ gain knowledge of how to more 
easily, quickly, simply and certainly make or direct the making of neces- 
sary power plant repairs, wouldn’t you take advantage of the opportunity? 


Now the same company that issues Power and The Engineer also pub- 
lishes the AMERICAN MACHINIST Monthly—a paper devoted to the 
making and repairing of machinery of all kinds, giving suggestions for 
doing difficult jobs, short cuts to faster ends and including, during the 
year, many articles on matters of direct interest to you such as truing up 
crank pins, truing crank pins in or out, repairing fly wheels, cylinder bor- 
ing, piston and piston rod repairs, metallic packings, bearings of all kinds. 


Every engineer will find this publication interesting, instructive, help- 
ful, and a valuable aid in making him an all around man capable of 
handling any emergency that arises in the plant. In a year, over 600 pages 
of good matter are given and over 800 illustrations. $1.00 for a year’s 
subscription is the price. May we add your name to the list? 


Let us send you a FREE sample copy 





ee a 
AMERICAN MACHINIST, Monthly, 


505 Pearl St, New York AMERICAN MACHINIST 


Send me FREE sample copyas offered. 
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ccc ake esc in Lions _ 505 Pearl Street, New York City 
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Normal Position of Grate 


Any Fuel Is 
Good 


On The McClave Grate 
Used With 
The Argand Blower 



















Shaking Movement 


Used together the McClave Grate and 
Argand Blower make a system that 
gets perfect combustion from the lower 
grades of fuel, such as anthracite, 
Birdseye, Rice, Bituminous, Slack, 









































Screenings, Duff, etc. It secures high | 
grade results from~ cheap fuel and | 
makes large savings. | 

Divided Cut-Off | 
| The fire can be cleaned uniformly from 
| front to rear with doors closed; two 
| cut-off movements are provided to 
' | remove clinkers of various sizes; shak- 

4 ing movement is adapted to breaking 

‘9 | up a soft coal fire when it cakes, or to 

; remove fine ashes. 

j Look into the ‘“McClave.”’ 7 

: Whole Cut-Off Movement 

' Send for Catalog **D’’ 


McClave-BrooKs Company 


Scranton, Pa. 


BRANCH OFFICES: Charles N. Hays, Sales Agent, Fisher Building, Chicago; Empire Building, Pittsburg. 
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(Reg: VU. Ss; Pat. off.) 


AUTOMATIC INJECTOR 


ee Always “Makes Good’”’ 


1st—It will work on higher pressure 
and handle hotter water. 








2nd—It will lift further vertically on 
a greater range of pressure. 


3rd—It delivers a maximum amount 
of water with a minimum 
amount of steam. 


EJECTOR or SYPHON 


Has no equal in lifting or elevating liquids. Used Exclusively by the leading cream- 
eries, tanneries, breweries, brickyards, distilleries and dye houses in the country. 


SPECIAL “XL-96” NON-ELEVATING EJECTOR 


Heats liquids to a minimum; Lifts 28 feet; Uses less steam and delivers 334% 
more liquid than any Ejector made. A trial will convince you. 


CIRCULAR ON REQUEST. 


The new ‘‘Engineer & Fireman’’ (80 page magazine) will 





be sent to any engineer who will send his name and address. 


PENBERTHY INJECTOR CO., 


Largest Manufacturers of Injectors in the World 
355 HOLDEN AVENUE, DETROIT, MICH. 


New York Branch:—126 Chambers Street. CANADIAN FACTORY: 
London, Eng. Branch:—W. H. Wilcox & Co., 23 Southwark St., S. E. , Windsor, Ontario, Canada. 
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Garlock High Pressure Ring Style No. 200 for High Pressure Steam Service 
is generally accepted as Reliable and Satisfactory. 
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ix Fibrous and Metal PacKings 


rN In All Forms---For Service Against All Conditions 


rN IF YOU ARE TROUBLED BY A PACKING PROBLEM 

GET IN TOUCH WITH OUR NEAREST BRANCH 
OFFICE AND YOU WILL RECEIVE FREE ADVICE 
THAT WILL HELP YOU. TRY IT! 
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THE GARLOCK PACKING COMPANY 


Main Offices and Factory, PALMYRA, N. Y. ' 
24 Branch Offices and Stores 5 Branch Factories 


Represented in all of the principal cities ® 
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The Extra Heavy 
STANDARD 


Exhaust Head 


is designed for those who prefer 
to use the principle of centrifugal 
force for separating oil and water 
from exhaust steam. 


It is made to order in any size 
and weight for extremely severe 
service and its work is always sat- 
isfactory. 


The one shown is a 30” Head, 
made of No to gauge iron, for 
the Jones & Laughlin Steel Co., 
Pittsburgh. 





Send for our 92-page catalog. 


/ THE BURT MFG. CO., 232 Main St., Akron, 0., U.S.A. 


Cross Oil Filters 


for fourteen years have been known 
as the standard for filtering engine 
and common machinery oils and re- 
turning them as clean and pure as 


when new. 


They Save 50 to 75% 


by straining the oil through waste 
and washing it in pure, warm water. 





This process can be repeated again 
and again and the cost of operation is 


only a few cents a year for waste. 


Send for our 92-page Catalog. 


THE BURT MFG. CO., 232 Main St., AKron, 0., U.S.A. 


Largest Manufacturers of Oil Filters in the World. 
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POWER AND THE ENGINEER. 


An Interurban Railway Gas Power 


Description of the Western New York and Pennsylvania Traction 







Station 


Company's Power Plant Equipment, with Notes on Its Performance 





BY C 


The Western New York & Pennsyl- 
vania Traction Company, operating about 
85 miles of interurban road in the vicinity 
of Olean, N. Y., several months ago indi- 
cated its faith in gas power by discontinu- 
ing its steam stations, one of which has 
been dismantled, and depending entirely 
upon a gas-engine station at Ceres for 
the power necessary to drive its cars. The 
station is equipped with two tandem 
double-acting Westinghouse engines and 


EeGcin Ff. P O 


28. The governors of the Ceres engines 
are located differently from those of the 
Bessemer engines and are gear-driven in- 
stead of belted, but the valve-gear is iden- 
tical in design, regulation being effected 
by having the governor adjust the quan- 
tity of gas and air admitted to the mixing 
chamber. The 
niters are also used on the Ceres engines, 
but there is only one igniter in each end 
of the cylinder, the latter being only 22 


same electromagnet ig- 


a & 


and a stroke of 30 
The two cranks are set 90 degrees 
apart, giving four impulses to the crank 
shaft per revolution, as in a 
pound steam engine. 


inches in diameter 


inches. 


cross-com- 
The engine has the 
side combustion chamber characteristic of 
the Snow design, with the inlet valves in 
the top and the exhaust valve in the bot- 
tom of The 
low center of gravity obtained by this ar 


each combustion chamber. 


rangement is emphasized by the com- 
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e twin tandem double-acting Snow en- 

ine, all of equal rating and each driving 
300-kilowatt General Electric three- 
ise alternator at 150 revolutions per 
lute. ; 


THE WESTINGHOUSE ENGINES 
[he Westinghouse engines have cylin- 
S 22 inches in diameter and 30 inches 
ke and are of exactly the same type 
the Edgar Thompson engines at Besse- 
r, Penn., described in this paper April 





FIG. I. ENGINE ROOM OF CERES POWER STATION 
inches as compared with 40 and 42 inches 
in the cur 
rent for the Westinghouse units is sup 
plied by a small motor-generator operated 
by current taken from the 
cuit; the object in interposing the motor 


3essemer engines. Ignition 


exciter cir 


generator was to avoid grounding the ex 
citer system. 


THe SNow ENGINE 


The Snow twin unit has cylinders 16 


station 
mates. Fig. 1 is a view in the station, 
taken for the this com- 
parison, but because it was impossible to 
any 
the 


parison of this engine with its 


not purpose of 


a view of all the engines from 
The 
foreground, obviously stands much lower 
the the 


background; the relative hights are also 


get 


other point. Snow engine, in 


than Westinghouse engines, in 
shown by the elevation drawing at the 


right of Fig. 2. 
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FIG. 3. SECTIONAL ELEVATION OF INLET AND CUT-OFF VALVES AND GEAR 


The engine speed is regulated by cut-off 
valves which, under control of the gover- 
nor, shut off both the gas and air supply 
sooner or later in the suction strokes, ac- 
cording to the speed changes. The ar- 
rangement of inlet valves for one end of 
a cylinder is shown by Fig. 3. The air 
and gas pass to the mixing chamber M 
through separate ports, shown closed by 
the valve disks A and G, respectively. 
From the mixing chamber the mixture is 
admitted to the cylinder by the main inlet 
valve J at the beginning of the suction 
stroke; at the point in the stroke deter- 
mined’ by the governor, the cut-off valve 
AG is released and allowed to close under 


the influence of its spring. The baffling 
disk B is adjustable so as to obtain the 
desired proportion of gas to air, the ad- 
justment being made by means of the 














Combustion Chamber 


Gece © aoneeeen 
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nurled head N, which is locked in the 
proper position by the set-screw s. The 
shank of the baffling disk serves also as a 
guide for the lower end of the stem of the 
cut-off valve. The valve disks A and G 
are connected by a short barrel D, the 
whole being a single casting. The gas 
valve G is provided with a tapered seat, 
and the valve-stem is adjusted in the 
block at its upper end until both disks seat 
simultaneously. 

The main inlet valve J is opened and 
closed always at the beginning and ter- 
mination of the suction stroke by the 
inlet rocker-arm (Fig. 4), and its stem is 
linked to a short rocker-arm R, Fig. 3, 
to the other end of which is pivoted a 
block arranged to slide vertically in a 
guide. To this block is hung the pivoted 
latch L, shown in Fig. 4, the end of which 
normally engages a dog on the block which 
is screwed on the upper end of the stem 
of the cut-off valve. When the main inlet 
valve is opened, the latch L lifts the disks 
A and G of the cvt-off valve. At the 
proper point of the suction stroke, the 
cam C, on Fig. 4, engages a lug and 
draws the drag-link over, thereby pulling 
out the latch L and allowing the cut-off 
valve to drop. The drag-link is pivotally 
attached to a lug on the latch L, and its 
other end is curved around the cut-off 
shaft S, the upper leg of the bend resting 
on the journal box and holding the link 
in place as it slides back and forth. Be- 
fore the succeeding suction stroke begins, 
the cam C has turned to the “low” side 
and the latch L is thrown into engagement 




















END ELEVATION OF INLET AND CUT-OFF MECHANISM 
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with the valve-stem dog by a small helical 
spring. When the cut-off valve drops, it 
is cushioned by the inverted cup E, Fig. 3, 
acting as a dash-pot, the plug F consti- 
tuting the plunger. The cut-off cam-shaft 
S rotates continuously at one-half the 
crank-shaft speed and its angular posi 
tion with respect to that of the crank- 
shaft is adjusted by the governor through 
the well-known “floating” bevel gear. 


EXCITATION, COOLING AND FuEL SupPPLy 

There are two exciter units consisting 
of Westinghouse vertical three-cylinder 
single-acting gas engines of 11 inches 
bore and 12 inches stroke direct-connected 
to General Electric multipolar dynamos 
of 50 kilowatts each; these run at 299 
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which it goes to the engines through in- 
dividual pressure regulators of the gaso- 
meter type. Fig. 2 shows the piping lay- 
out as at first installed, but the equalizing 
tank has been put in and several minor 
changes made since this plan was drawn. 
The drawing shows accurately the lay-out 
of the machinery, however, as well as side 
and end elevations of it. As this drawing 
indicates, all of the station piping is in the 
basement. The oil tanks are also located 
there, the oil being drawn by means of 
pumps on the engine-room floor. 


ELECTRICAL EQUIPMENT 
The alternating-current generators are 
General Electric standard revolving-field 
machines, direct-driven by their respective 
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the familiar disadvantages of the high- 
potential windings on the generators, 
which are now absent. 

There are four sub-stations, the prin- 
cipal one at Olean, 13 miles from the 
power-house, whence the transmission 
feeders radiate to the other three sub- 
stations; another at Bradford, Penn., 21 
miles from Olean, a third at Little Valley, 
22 miles from Olean, and the fourth at 
Seneca Junction, 11 miles distant. The 
Olean and Bradford stations contain two 
rotary converters each, supplied from air- 
blast transformers connected in delta. 
The Seneca Junction and Little Valley 
stations contain one converter each, sup- 
plied from two transformers connected in 
V or so-called “open delta,” in order that 

















revolutions per minute and supply excita- 
tion current at 125 volts. 

Cooling water is taken from four 5%- 
inch and four 75¢-inch driven wells 42 feet 
deep. It is circulated by two 4-inch sin- 
gle-stage turbine-type pumps of Worth- 
ington make, driven at 1440 revolutions 
per minute by Westinghouse three-phase 
induction motors, supplied from the sta- 
tion bus-bars; each motor is rated at 15 
brake horse-power. 

All of the engines use natural gas of 
about 900 B.t.u. calorific value, taken from 
wells owned by the traction company. The 
gas comes from the main at 200 pounds 
pressure and passes through two reduc 
ing valves in series; the first reduces the 
pressure to 50 pounds and the second 
brings it down to 3 ounces. Thence it 
passes to a large equalizing tank from 


FIG. 5. 











engines. They deliver three-phase cur- 
rents at 25 cycles and 370 volts, this volt- 
age being chosen in order to eliminate 
transformers between the bus-bars and a 
rotary converter in the generating station. 
Step-up transformers raise the voltage to 
19,100 for the transmission lines to the 
other sub-stations. It might seem that 
less expensive equipment could have been 
obtained by using a somewhat lower 
transmission voltage and winding the 
generators for the transmission voltage, 
thereby obviating the step-up transformers 
but step-down for 
the local rotary converter. The extra ex- 
pense for high-potential generators and 
the heavier feeders necessitated by reduc- 
ing the transmission voltage, however, 
would have almost balanced the saving in 
transformers, and there would have been 


using transformers 





VIEW OF CERES ENGINES FROM THE.CRANE 


the transformer capacity may be some- 
where near the converter capacity without 
using different sizes of transformer. All 
of the transformers are rated at 220 kilo- 
watts each and the converters are all 300- 
kilowatt machines. 

Fig. 6 shows the power-house switch- 
board, the low-tension panels being in the 
center and the high-tension panels to the 
extreme left. The lightning arresters and 
choke coils appear above the switchboard 
on the wall. All switches in the power- 
house and sub-stations are manually oper- 
ated. The rotary converters are started 
up on the alternating-current side through 
half-voltage taps in the transformer secon- 
daries. : 


SERVICE PERFORMANCE 


7 is a typical load “curve” or, more 
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accurately, straight-line record of aver- 
ages, the load from hour to hour being 
averaged, as indicated by the horizontal 
lines of the “curve.” As this chart shows, 
the plant is shut down from 2 to 4 o'clock 
in the morning and the peak period occurs 
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oil and 12 gallons of engine oil. These 
figures reduce to less than 0.0014 pint of 
cylinder oil and 0.00094 pint of engine oil 
per kilowatt-hour. 
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fed to the rod immediately outside the 
packing gland, it is necessary to use a very 
thin grade in order to prevent the inner- 
most packing ring of the group from run- 
































just before noon. 
The Westinghouse engines have been | 
running about a year, but the Snow engine mt i re 
has been in commission only a few months. z 
Until very recently there have been no ih 
meters in the supply pipes of the Westing- ” 
house engines, and the gas consumption = 
therefore cannot be given in this article; hendoneneh . 
we hope to publish the record later. The ee See oS ee ee ee 
gas record of the Snow engine for one 
week was as follows: FIG. 7. TYPICAL LOAD RECORD AT CERES STATION 
= ning dry and cutting. On the other hand, 
| a eS ae : - |B.t.u. per Brake when the oil is delivered at the center of 
Pay | Rane) “hours |“Yeiidwatte | “or Gas. | watt-hour.| hour” _ the packing, a heavier oil and one of very 
Sunday......| 21 | 4040 192.4. | + +»109,900 =|). 16,320 high flash-point must be used. 
Monday. . aie 20 5050 202.5 127,590 2.3 15,130 I he Snow and Westinghouse engines 
Wednesday...| 10 4730 248.9 106,310 225 13.500 drive their generators in parallel with re- 
Thursday . . . 18 5050 230.5 ie | =? SOD markable smoothness considering the dif- 
Saturday.....| 19 | 5180 272.6 115,060 23.3 13,320 ference in the crank efforts of the two 
a a ee Ls - types. The regulation so far as it affects 
* Assuming 900 B.t.u. per cubic foot and 14 brake horse-power per kilowatt. the generator voltage is excellent, but 








In considering the above figures it 
should be borne in mind that the heat 
quality of the gas and the average effici- 
ency of the generator are assumed. When 
it is remembered, however, that the unit 
ran during the larger part of each day with 
much less than full load, the heat con- 
sumption does not appear to be at all 
excessive; the assumed heat value and 
generator efficiency, therefore, do not 
seem to be seriously inaccurate. 











There have been some troubles, natu- 
rally, but none that were due to the use 
of gas engines, excepting unreliability of 
igniter operation in the Westinghouse en- 
gines, which the builders promptly reme- 
died, and rod-packing troubles on both 
makes of engine. The troubles with the 
Westinghouse rod packing had been cor- 
rected and those with the Snow rod pack- 
ings were about to be corrected when the 
writer was at the plant. A most interest- 








FIG. 6. 


The total kilowatt-hours delivered by 
the generators during the week covered by 
the table were 104,340 and the total oil 
consumption was 18 gallons of cylinder 





THE SWITCHBOARD IN THE CERES PLANT 


ing development at this plant was the 
effect which the point of oil delivery to the 
rod packing appears to have upon the 
kind of oil necessary. When the oil is 


there is considerable shifting of load be- 
tween the machines on account of the dif 
ference in crank effort and also on ac 
count of different governor characteristics. 
The Snow engine takes too much of the 
load at light loads, partly because the 
Westinghouse engine occasionally misses 
fire at such loads and also because the 
governor on the Snow engine does not 
regulate quite so closely. The consequence 
is that when the load suddenly drops, the 
ammeters swing oppositely—the one down- 
ward and the other slightly upward. Not- 
withstanding these sudden and frequent 
changes in load distribution, the engines 
peg along as though they were driving 
independent loads. Only by watching the 
ammeters or the governor linkages is it 
possible to detect changes in load or in 
distribution of load. 

The writer is indebted for much of the 
information presented herein to Thomas 
Cruthers, Jr., who erected both the West- 
inghouse and the Snow engines, and M. 
Silverman, chief engineer of the traction 
company. 





“Liconite” is the name of a rubber sub 
stitute manufactured in Holland. It is 
similar to rubber in appearance and in 
many of its qualities. It is a compound 
of bitumen and various oils, has neither 
rubber nor gutta-percha in its composi- 
tion, is elastic and tough, and is said to be 
non-hygroscopic, unaffected by water, 
dilute acids, or alkalis, and capable of 
withstanding all ordinary 
without flowing or cracking. 


temperatures 





On opening up a boiler in which kero- 
sene has been used, be careful to have no 
lights in or near it until it has been thor- 
oughly aired out. 











The Cost of Power 
By W. N. PoLaxow 


To determine accurately the cost of 
power, every detail of expense must be 
properly accounted for; otherwise, the 
total amount expended will be nothing 


cost of each kind of power produced, viz, 
steam, electric, pneumatic or hydraulic. 
The total cost of power is charged to the 
shops in proportion to their consumption, 
and goes into the shop expenses under the 
heading “Power.” 


RENT 
Land rent may be figured generally for 
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FIG. I. 


more than the sum of a mass of indefinite 
expenses. The correct method of deter- 
mination must clearly and immediately 
show the amount of, and the reason for, 
each indirect expenditure, giving thereby 
a clear idea of the economical control and 
opportunities for betterment of the power 
plant. It must make possible the com- 
parison of the cost of power, no matter 
where or under what conditions the power 
is produced. It must give an exact answer 
to each of the following questions: 

1. Does producing any kind of power 
cost too much? 

2. In which period of the production 
and transmission of power are there un- 
productive expenses, and why? 

3. How and in what relation does the 
cost of producing power vary? 


DETAILED GROUPING OF CosTS 


In order to answer these questions, we 
cannot limit ourselves to the primitive and 
inaccurate method of finding the relation 
between the totals of fuel burned, money 
spent and power produced. Neither 
should we compare such figures with the 
same incorrect or accidental figures of last 
month or last year, to ascertain whether 
power is produced at a less or greater cost 
today. 

The actual total cost of producing power 
is made up of four major items: Rent, 
administration, operation, and mainte- 
nance. The total of these four accounts 
may be subdivided under four headings 
showing the absolute cost or percentage 


COSTS OF POWER CLASSIFIED 


the whole plant and charged to power in 
proportion of the area occupied for power 
purposes to the total rent area. Rent of 
buildings may be figured on the basis of 
the valuation of the buildings used for 
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power may be taken as an arbitrary per 
cent. of the amount for the whole plant. 
Under this heading are charged all ex- 
penses which do not properly belong either 
to rent, operation or maintenance, such as 
watchmen, stationery, etc. 


OPERATION 


Under this heading are included all ex- 
penses for the following accounts: Fuel 
for power plants, fuel for other boilers, 
fuel for yard engines and cranes, handling 
fuel, miscellaneous supplies, lubricating 
materials, water for boiler and water- 
backs, engineer’s, firemen’s and helper’s 
wages, power purchased. 

A diagram should be drawn showing 
the consumption of fuel by month and 
12-months average, also a diagram show- 


ing the cost of fuel on the same basis. 


MAINTENANCE 


This heading includes the three follow- 
ing groups of expense: (A) Repairs and 
renewals, (B) fixed charges, (C) other 
charges. 

Group (A) includes all expenses for 
repairs and renewals of power equipment, 
whether used for production or transmis- 
sion, and each item of expense should be 
charged to one of the following accounts: 
Boilers, engines and pumps, electric plant, 
steam, water and’ gas pipes, pneumatic 
pipes and fittings, hydraulic pipes and fit- 
tings, warming and ventilating systems, 
rolling stock (10 per cent). 

Group (B) includes such items as de- 
preciation, interest on investment, etc. 

In a system of accounting based on the 
above foundation, it is comparatively easy 
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FIG, 


power purposes. It would not be correct 
to pro-rate the building rent on a basis. of 
floor space, because usually buildings used 
for power purposes far exceed in value 
buildings of an equal floor space that are 
used for general manufacturing purposes. 


ADMINISTRATION. 


Administration expenses charged to 





2. UNIT COSTS 


to locate a leak affecting economy or effi- 
ciency, such as expensive repairs or un- 
necessary expense for lubrication, but 
alone it cannot give an exact idea of the 
quality of the general management. 


Unit Cost 


It is necessary to know the actual cost 
of producing a unit of each kind of power. 
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Since all kinds of power are derived by 
rious transformations from the same or 
similar sets of boilers, there should be 
veekly and monthly statements showing 
le amount of water evaporated per 
ound of fuel, also the pounds of fuel per 
yrake horse-power. The cost per brake 
horse-power of the steam produced is the 
base of all figures on the cost of operation 
in the production of power. Any excess 
cost here, any inefficiency, such as a poor 
up-keep or uneconomical handling of fuel, 
would cause the unit cost of each kind of 
derived power to be higher than it 
should be. 

Figures on unit cost are obtained from 
a statement similar to Fig. 2, with figures 
of recording meters giving daily, weekly 
and monthly amounts of brake horse- 
power produced, for live steam per brake 
horse-power-hour, for light and power, 
cubic feet of air, or gallons of water per 
minute under constant pressure, etc. 

Having these figures of the cost of a 
power unit, we only have the raw ma- 
terial, but by observing these figures we 
have a foundation for judging as to 
whether the enterprise is run on an 
economical or non-economical basis; the 
expressions “warm” or “warmer” would 
not give an idea of temperature until there 
is fixed a certain basis from which to 
measure. 


a a ee) 


STANDARD Unit Cost 


An authority on this question, Harring- 
ton Emerson, says: “It is impossible to 
make comparison unless there is some- 
thing with which to compare, and it is 
more rational, more correct, more instruc- 
tive to compare with a determined stan- 
dard than to compare with last week’s or 
last year’s accident, and nothing can be 
more profitably instructive than to com- 
pare local standard cost, line by line, with 
the basic standard cost and the actual ex- 
penses, in order to get busy according to 
what would be correct and enduring, or 
otherwise overcoming handicaps beyond 
individual control.” 

We must have a standard unit cost for 
a base and make all comparisons against 
it. Herein we have to the same degree of 
accuracy that our standard unit cost has 
been figured, a measure of the efficiency 
of the plant. 

Standard unit cost may be considered 
to be formed of two distinct parts, and 
may be expressed as 


S=T+0 

where T includes that group of expenses 
relating to the theoretical transformation 
of energy from heat to some other definite 
form. It is figured once for all as a gen- 
eral standard cost independent of local or 
construction conditions. 

| or example, in the generation of elec- 
tric energy, for every 100 units transmitted 
fi the switchboard, we figure, the: 


Least resistance in the switchboard. 
Least resistance in the generator. 
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3. Least loss in the engine. 

4. Least loss in the steam piping. 

5. Least loss of heat from fuel while 
generating steam. 

In this way, taking everywhere the most 
advantageous coefficient, we are certain of 
the quantity of kilowatt-hours per unit of 
fuel, or the standard cost of one kilowatt 
expressed in units of fuel. 

The second part O of the formula in- 
cludes the least possible cost of all other 
expenses of operation per unit of a certain 
kind of energy. Here again we have not 
only a correct idea of the efficiency of 
operation, comparing the standard cost 
and the actual expenses, but we can com- 
pare and determine at any time the 
source of unproductive expenses. Com- 
paring the results from the formula 


S=7 40 
with results from 
s=—2 CO. 


we can direct our efforts without loss of 
time or guessing, either to the technical 
or business improvement of the plant. 

In determining the cost of power pro- 
duced for sale, the total must include, of 
course, all expenses, even to the cost of 
advertising and selling, the total cost dif- 
fering from the selling price by a fixed 
amount which will be the per cent. of 
profit. 

From the foregoing it is clear that only 
by such preparatory work and with the 
actual figures for as long a period of 
time as possible in the form of 12-month 
averages, in order to eliminate accidental 
fluctuations, is it possible efficiently to 
carry out the work of bettering the power 
plant and lessening the cost of power 
generation. The work must be done care- 
fully and systematically, not losing sight 
of one moment of operation in the produc- 
tion and transmission of power, taking 
for granted that each step made is erro- 
neous and uneconomical, and giving special 
attention to places where errors were dis- 
covered by previous analysis. 





Society for the Promotion of 
Engineering Education. 





The 16th annual meeting of this society 
was held at Detroit, Mich., June 24 to 27, 
inclusive, at the same time the A. S. M. E. 
meeting was held. The program included 
a number of papers, among them the fol- 
lowing: “A Proposed Course in General 
Engineering,” by Harwood Frost; “Pres- 
ent Curricula of the Mechanical Engineer- 
ing Courses,” by Prof. William T. Ma- 
gruder; “The Function of the Engineer 
in the Conservation of the Natural Re- 
sources of the Country,” by Charles S. 
Howe; “Adapting Means to the End in 
Technical Education,” by Arthur L. Rice; 
“Electrical Laboratory Efficiency,” by S. 
Sumner Edwands; “Entropy,” by Prof. 
W. D. Ennis; “Should the Engineer be 
Required to Hold License?” by Prof. W. 
H. Drane. 





Catechism of Electricity 





718. Can compound-wound dynamos be 
operated in multiple satisfactorily? 

Yes. Multiple operation is the standard 
method of working two or more com- 
pound-wound dynamos together. The 
connections are shown diagrammatically 
in Fig. 243. The equalizer, which main- 
tains an equilibrium between the electro- 
motive forces of the two machines, is the 
principal feature to consider. It consists 
of two heavy wires, g and g’, running to 
an extra bus-bar h, which connects them 
and thereby completes the equalizing cir- 
cuit. The equalizer circuit is carried to 
the switchboard in order that it may be 
closed and opened at the same time the 
machines are connected with or discon- 
nected from the main bus-bars. 

Care must be taken to connect the 
equalizer to the junctions between the 
series windings and the brushes of the 
machines, not to the outer terminals of 
the series windings. To insure good regu- 
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FIG. 243. DIAGRAM OF TWO COMPOUND- 
WOUND DYNAMOS CONNECTED 
IN MULTIPLE 


lation, the equalizer must have ample cur- 
rent-carrying capacity; it should never be 
smaller than the main leads of the dy- 
namos. 

719. What precautions are necessary in 
Operating compound-wound dynamos in 
multiple ? 

Before switching them together the 
voltages must be nearly alike, the voltage 
of the unloaded machine being a fraction 
higher than that of the one already in 
use. If the equalizers run to the main 
switches on the board no attention need 
be paid to them, as they will be connected 
at the same timne the machines are thrown 
together. If, however, the equalizing 
wires are separate, care must be taken to 
close the equalizer switches before the 
machines are thrown together. 

With compound-wound dynamos, the 
terminals of both machines to which the 
shunt resistances across the series wind- 
ings are fastened must be connected to 
the same bus-bar. Then if the polarity of 
the dynamo is wrong, it must be corrected 
by exciting the field properly with cur- 
rent from another machine. Care must 
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be taken not to open the equalizing cir- 
cuit of two compound-wound generators 
while they are running in multiple. 

720. Show a switchboard equipped for 
operating two compound-wound dynamos 
in multiple. 

















FIG 244. TWO-PANEL SWITCHBOARD 
EQUIPPED FOR OPERATING TWO 
COM POUND-WOUND DY- 
NAMOS IN MUL- 

TIPLE 


Fig. 244 shows such a switchboard. All 
of the apparatus belonging to one of the 
dynamos has been placed on the left-hand 
panel om, and all that belonging to the 
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these are the switchboard lamps. The 
field rheostat is located at c. At b and b 
are groups of four switches on each panel ; 
these are used to close and open the 
eight circuits that are supplied with cur- 
rent from the bus-bars. 

721. Is the apparatus on a board ar- 
ranged differently from that shown in Fig. 
244 when provision is made for more than 
two compound-wound dynamos? 

Not in The switchboard 
shown in Fig. 245, for example, which is 
equipped for operating four compound- 
wound dynamos in multiple, has practi- 
cally the same arrangement of apparatus 
as on the board in Fig. 244. A three-pole 
switch s is provided for each machine; 
also a field rheostat ¢, and an ammeter, m. 
In- 
stead of having a voltmeter for each dy- 
namo, however, only one voltmeter is used 
for all. The switch at a en- 
ables this to be done by permitting the 
voltmeter d to be connected to any of the 
circuits. 


principle. 


The feeder switches are shown also. 


voltmeter 





Observations on Gas Producers 
for Power Use 


By F. C. Tryon 
There are few things of real value that 
are obtained without some struggles and 

















FIG. 245. 


DYNAMOS 


other dynamo has been mounted on the 
panel ». At a is shown a circuit-breaker, 
and to the right of this, a_ three-pole 
switch the middle blade of which is in the 
equalizer circuit. The ammeter and volt- 
meter are near the top at d, and above 


IN 


SWITCHBOARD EQUIPPED FOR OPERATING FOUR COMPOUND-WOUND 


MULTIPLE 


worries, and this is especially so in power- 
generating plants. With steam boilers 
and steam engines we are fairly well ac- 
quainted; their care and attention, with 
all the varied troubles, have been accepted 
as a part and parcel of their operations, 
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but an entirely wrong impression seem 
to pervade the minds of many people re 
garding a producer gas plant. 

This impression was probably first pr« 
duced and spread by some of the manu 
facturers of this type of apparatus, wh 
ignorantly described their products as re 
quiring little or no attention, and assure: 
the prospective purchaser that with a cer 
tain amount of coal fed to a produce 
in the morning, and a few ashes remove 
at night, the plant would run itself. Thi 
same class of manufacturers have sent 
into the field salesmen who are not onl 
not thoroughly posted regarding the pr 
cess of gas production in general, but 
actually know very little about the appara 
tus they are trying to sell, and still less 
of the mechanical operations necessary to 
produce such chemical changes as are re- 
quired in an outfit of this kind. These sel- 
lers made all kinds of statements and 
promises to secure signatures to a con- 
tract, which the purchaser later found, 
when more carefully read, repudiated all 
statements and promises not specifically 
provided for in the document itselt. 


Tue “Easy oF OPERATION” CLAIM OFTEN 
OvERDRAWN 


The flowery story of easy operation pic- 
tured and described before purchase, often 
turns out to be a tale of constant and 
careful detailed attention. The producer 
plant must have attention as early in the 
morning as boilers would require. The 
blower or exhauster must be started early 
enough to get the fire in proper condition 
for making gas by the time it is necessary 
to start the engine, and the proper amount 
of fuel fed to the producer to get the 
plant in operation. When the fire is in 
proper condition for making gas it must 
be barred or poked to get the ashes 
loosened from the partly consumed pieces 
of coal, and all clinkers worked down out 
of the fuel bed, because clinkers in the 
bed of fuel offer passages for the air 
without its coming in contact with suffi- 
cient carbon to absorb the oxygen of the 
air and generate carbon monoxide gas. 
If this combination does not occur dur 
ing the passage of the air through the 
bed of fuel a different combination re 
sults immediately above the fuel bed by 
the mixing of the air with the gases 
already generated and burning them to 
carbon dioxide, thereby giving up in the 
producer the heat that should be carried 
to the engine to do useful work. 

When the producer is making a gas 
sufficiently good to ignite readily at the 
test tube, the engine is started: then the 
volume of steam or vapor necessary to 
keep the fire in the producer sufficiently 
ceol to prevent the fusing of the ashes 
into solid clinker must be provided. T! 
amount of steam thus admitted should | 
all that the engine will take without bacl 
firing, provided the load on the engine 
a steady one, or the steam inlet is aut 
matically regulated by the volume of g2 
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e engine is using. As soon as the steam 
lets have been properly adjusted, all 
shes and clinkers previously barred down 
ould be removed from the ash-pit, if the 
pe of producer will allow this work to 
done while in operation. If the pro- 
icer is of ¢ither the suction or the in- 
ced up-draft type, the ash-pit door can 
opened at any time for this purpose. 
the producer is of the down-draft or 
pressure type, the cleaning of the 
ashes can only be done when the engine is 
running. No accumulation of ashes 
uld be allowed in the ash-pit beyond 
first opportunity allowed for its removal. 
1 an up-draft producer where the air is 
admitted below the grate, if ashes fill this 
space it prevents the proper distribution 
of the air through the grate and tends to 
concentrate the draft of air in small 
spices, causing chimneys or blow-holes 
through the fire-bed. 

When the producer has been cleaned 
and the removed, the necessary 
amount of fuel to run the producer a cer- 
tain definite time should be fed into the 
fire-bed or, what is better still, the fire- 
bed built up to a certain hight. This 
should be determined by the operator as 
that depth of fuel-bed which gives him the 
best quality of gas for the longest period. 
Too deep a fire-bed may make the process 
of barring to work down the ashes so 
hard and laborious a task that it is often 
avoided and seldom properly done, besides 
unnecessarily restricting the draft. 

Blow-holes through the fire-bed are 
usually corrected by feeding in more fuel. 
This is not the proper manner to cure this 
evil; the fire should be barred or tamped 
at the affected points to pack the fuel 
closer together and force the passage of 
air through the entire fire-bed. As long 
as the engine keeps steadily at work with- 
out back-firing and the gas is not weak, 
the less stirring or disturbance of the 
producer fuel-bed the better; too long a 
time between feeding and cleaning, how- 
ever, should not be allowed. 


- F ~~ 


— 


ashes 


ASHES IN THE FIRE-BED 


The operator should always bear in 
mind that the producer is gasifying regu- 
larly a given amount of coal per hour, 
that the coal leaves a certain amount of 
ashes, that these ashes are being made all 
through the fire-bed, and that at certain 
intervals, as far apart as is absolutely safe, 
the entire fire-bed must be stirred by 
barring to work the ashes down toward 


the grate. Do not try to get them 
through the grate into the ash-pit. If this is 
done, the hottest part of the fire in the 
pr er would be on the grate, causing 
unnecessary deterioration and in many 
cases serious injury by the extreme heat. 
In ip-draft producer the zone of com- 
plete combustion should be at least a foot 
" the grate and the hight of the fuel 
t 


this sufficient for absolute contact 
products of this combustion with 
indescent fuel to change the CO: 


into CO. Experience with each individual 


producer will soon demonstrate to the 
operator what the depth should be to 


produce the best results. A fairly safe 
basis to start with is to have the depth of 
the fuel-bed equal to the diameter of the 
inside of the producer. 

If the producer is of the induced-draft 
type, a test-flame tube should be installed 
as near as possible to the exhauster on the 
pressure side and kept lighted while the 
producer is in operation. This test flame, 
if properly studied, will give the operator 
a fairly reliable index of the quality of 
the gas being made. Gas of 110 B.t.u. or 
over will ignite and steadily in 
open air from the outlet of a pipe. When 
the quality gets below t1o B.t.u. it com- 
mences to flutter and burn from side to 
When it runs as low as 100 B.t.u. 
it will go out entirely and only burn while 
a flame is held in contact with the escap- 
ing gas or over the opening. If the burn- 
ing gas shows an intense blue flame with 
small streaks of black through its body 
its principal components are CO and H. 
As the proportion of H increases, the size 
of the black streaks will increase. If the 
gas contains any CH, it will show in 
flashes of yellow through the flame; C2H, 
will show in more intense or brighter yel- 
low streaks ; CO: will show a pinkish bor- 
der to the flame. As it increases this 
color tends more to red or purple. Not 
ing the predominating colors and shape 
of flame when a sample of gas is being 
taken for analysis and then studying the 
result of the analysis will soon enable the 
operator to determine by this test flame 
within a reasonable degree the quality of 
the gas being made. If the gas has passed 
through the scrubbers before reaching the 
test flame, the flame will show the clean 
liness of the gas and its freedom from 
suspended impurities or solids of any 
kind. In the test flame the solids pro 
duce stars or flecks of bright yellow. 

A gas may be rich enough to use in an 
engine and still not ignite or burn at the 
test-flame tube. If the gas has not been 
sufficiently cooled in its passage through 
the scrubbers it may carry enough vapor 
to prevent lighting. The feeding of more 
water to the wet scrubber will usually 
correct this difficulty. The lack of water 
may be caused by a stoppage in the spray 
ing device at the top of the wet scrubber. 
This is liable to occur when the 
used contains a large amount of solids, 
either in suspension or combination, or 
if the spray is formed by small perfora 
tions in the pipe. These become clogged 
or stopped, and it may be possible that a 
portion of the wet scrubber may not be 
sprayed at all and any gas passing through 
this part will not be washed or scrubbed. 


burn 


side. 


water 


OTHER ESSENTIALS TO BE REMEMBERED 


A properly installed producer-gas plant 
of either the pressure or the induced-draft 
type should have several connections 
tapped into different parts of the plant 
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and small pipes brought from these points 
to the operating floor and connected to U- 
sufficient length to show the 
vacuum and pressure at different places 
along the route through which the gas 
passes in the apparatus. The gages should 


gages ot 


be installed on a board in plain view of 
the attendant, and if the glasses are filled 
with water the 


more easily seen at a distance. 


colored indications are 

It is essential that a producer-gas plant 
should yield a steady volume of gas in 
quantity sufficient to supply the engine 
and as nearly constant in quality as pos 
sible. 


entail changes in the mixing valve of the 


Changes in the quality of the gas 


engine and, therefore, the producer opera- 
tor should 
changes in the fuel-bed as necessity re 


study to make only such 


quires to keep it in productive condition 


and ready to meet sudden changes of 
load. 
The essentials of 


tendant are 


a good producer at 
attention to details, 
interest in the 


careful 
cleanliness, and sufficient 
work to note from day to day what move 
ments or actions prevent or overcome 
difficulties of operation and also produce 
the best The 
plant usually indicates the ,character of 
the attendant. 


ments are kept in usable condition and 


results. appearance of a 


If all the tools and imple 


in their proper places, the floor or space 
around the producer kept clean, no pieces 
of coal or cinders or splotches of ashes 
left around, no coating of dust allowed to 
obscure the gage glasses or cover any 
shelves or wall projections, and the gen 
eral appearance is one of neatness, it is a 
pretty sure indication that the attendant 
is looking out for his employer's interest 
and has the proper desire and incentive 
to become a thorough master of his work. 


To Find the Cubic Contents of 
a Barrel 


lo find the cubic contents of a barrel, 
square the largest diameter, then multiply 
then add the head 
diameter; multiply this sum by the length 


of the cask and that product by 0.2618. 


by 2, square of the 


a barrel whose largest di- 
head diameter 18 
inches and hight 33 inches: 21 ai xs 
- 882;18 & 18 = 324; 324 + 882 = 1206; 
33 39,798 ; 39,798 0.2618 = 
Dividing by 231 


lor example, 


ameter is 21 inches, 


1206 


10,419.11 cubic inches. 


for gallors gives 45.10 gallons. 





The Japanese government ordered for 
the port of Yokohoma 61 electric cranes, 
from 1 to 75 tons. 
100 hydroelectric 


varying in capacity 
There are at present 
stations at work, and several are in course 
of construction. Among the latter is one 
on the river Tamagawa, supplying Tokyo; 
from this station 20,000 kilowatts are 
transmitted at 40,000 volts. There is also 
cne of 32,000 kilowatts in course of erec- 


tron 
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The Heat of Fuels and Furnace Efficiency 


Heat Defined; Elements of Commercial Fuel; How Chemical Compo- 
sition Determines Heating Value; Other Factors of Combustion 





BY 


The first law of thermodynamics, first 
proved experimentally by Joule, teaches 
that heat and mechanical energy are mu- 
tually convertible, in the ratio of 778 foot- 
pounds to one British thermal unit, which 
is defined as that specific quantity of heat 
which is necessary to change the tem- 
perature of one pound of water one de- 
gree when the water is at or near its tem- 
perature of maximum density. 


Heat DEFINED 


Heat is due to molecular motion. The 
motive force at work in the production of 
heat from fuel is chemical affinity. When 
a chemical compound is formed, heat is 
evolved; and the heat of formation is 
defined as that quantity of heat evolved or 
absorbed during the formation of a com- 
pound from its elements. The heat of 
combustion is defined as the quantity of 
heat evolved during complete oxidation, 
or union oxygen. When a com- 
pound body can unite directly with oxy- 
gen, its heat of formation is the difference 
between the sum of the heats of com- 
bustion of the constituent elements and 
the heat of combustion of the compound 
itself. 

Any substance which can be made to 
unite with oxygen on a commercial scale 
is a fuel. Heat is generated by the union 
of elements with other substances than 
oxygen, but since oxygen and nitrogen 
are the substances universally distributed 
in the atmosphere, and nitrogen is nearly 
inert, so far as chemical combination is 
concerned, oxygen is practically the 
medium of combustion. For practical 
purposes it is further desirable that only 
those substances which form gaseous 
compounds with oxygen should be classed 
as fuels. 

The heat of combustion of a fuel is 
determined by measuring the heat evolved 
during complete combustion by means of 
a calorimeter. Eliminating certain modi- 
fications necessary to make allowances for 
radiation losses, etc., the operation is es- 
sentially that of determining the elevation 
in temperature of a known weight of 
water resulting from the combustion in 
transmissive contact with that water of 
a known weight of fuel. Suppose, for 
example, one pound of coal to be con- 
tained by a tight vessel filled with suffi- 
cient oxygen for combustion. Let this 
vessel be submerged in water and the fuel 
ignited by an electric spark; then if the 
water, amounting, say, to 140 pounds, 


with 


PROF. 


WILLIAM D. 


rises in temperature 100 degrees, the heat 

of combustion of the fuel is approximately 
140 X 100 = 14,000 

B.t.u. The heating value of carbon burned 

to CO: is 14,500 B.t.u. per pound. 


ELEMENTS OF COMMERCIAL FUEL AND 
THEIR Heat VALUE 

All commercial fuels are the products 
of vegetable growth, and are composed 
mainly of carbon, hydrogen and oxygen. 
Carbon burns with oxygen to form CO or 
CO., depending on whether the supply of 
oxygen is restricted or ample. In burning 
to CO, each pound of carbon evolves only 
4450 B.t.u. Hydrogen burns with ogygen 
to form H:O, or steam, evolving per pound 
61,800 B.t.u. In this union each pound of 
hydrogen produces nine pounds of steam, 
and in order to prevent this steam from 
condensing to water, a quantity of heat 
equal to the latent heat of evaporation 
must be reserved. This amounts to 

966 X 9 = 8694 

B.t.u.; which must be deducted from the 
heating value given, leaving 53,106 B.t.u. 
as the useful effect obtainable from the 
combustion of one pound of hydrogen. 
The free oxygen in fuels is not itself a 
fuel, but serves to decrease the amount of 
oxygen necessarily absorbed from the at- 
mosphere to permit of complete combus- 
tion. Oxygen combined with hydrogen 
passes off as steam, and the hydrogen so 
combined is unavailable for combustion. 

Of a fuel the heating value is the quan- 
tity of heat evolved by that fuel in uniting 
with oxygen. The temperature obtain- 
able from the combustion of a fuel de- 
pends upon its heating value, and other 
factors to be considered later. In the case 
of hydrogen, the specific heat of the 
steam and the water formed in combus- 
tion, the latent heat of evaporation, and 
the quantity of steam formed must be 
considered. If one pound of hydrogen 
is caused to unite with eight pounds of 
oxygen, starting from an initial tempera- 
ture of 32 degrees, the evolution of heat 
first causes the water to increase in tem- 
perature to 212 degrees, boils it and then 
superheats the steam. As there are nine 
pounds of water produced, approximately 


Oo X.1 X 160 = 1620 


B.t.u. are used in increasing the tempera- 
ture of the water. As already stated, 8694 


B.t.u. are required for evaporation, mak- 
ing a total of 10,314 B.t.u. to be dedicted 


ENNIS 


from the 61,800 B.t.u. of heat evolved 
and leaving 51,486 B.t.u. available for in 
creasing the temperature of the stean 
above 212 degrees. The amount of heat 
necessary to the temperature of 
steam one degree is not precisely known 
but taking it at 0.4805 B.t.u. per pound, as 
given by Regnault, the nine pounds of 
steam will absorb 


raise 


9 X 0.4805 = 4.3245 


B.t.u. per degree, and the temperature du 
to combustion will be: 


(51,486 + 4.3245) + 212 = 12,112 
degrees.* 

In the case of carbon, burning to COs, 
the product of combustion is a gas, so 
that no deduction is to be made for the 
specific heat of the liquid or its latent heat 
of evaporation. Each pound of carbon 
unites with 224 pounds of oxygen, pro- 
ducing 32%4 pounds of CO:. The specific 
heat of this gas is 0.2164. The rise in 
temperature is then 


=... 18,2c0 

3-67 X 0.2164 

degrees. Thus, although hydrogen has a 
heating value of more than four times 
that of carbon, the elevation of tempera- 
ture which it produces is decidedly less. 
For carbon burned to CO, the weight of 
gas per pound of carbon is 2.33 pounds, 
and the specific heat being 0.245, the eleva- 
tion of temperature is 


4450 
2.33 X 0.245 





== 7800 
degrees. 


3URNING IN AIR vs. PurE OxyYGEN 


These calculations have dealt with fuels 
burned in pure oxygen. With atmospheric 
air, as employed in practice, the nitrogen 
and minor substances present increase the 
weight of gas produced and consequently 
decrease the temperature elevation. If we 
ignore the carbonic-acid gas and other un- 
important substances contained in air, 
then, since air consists of 23 parts of 
oxygen by weight, each pound of oxygen 
which unites with the fuel carries with it 
3.35 pounds of nitrogen, the specific heat 
of which is 0.244. In burning carbon to 


*Professor Carpenter (‘‘Experimental Fn- 
gineering,’ page 450) quotes Bunsen's calc'!!- 
lation as giving 14,542 degrees. This must 
have been based on the full heating value 
of hydrogen, viz, 61,800 B.t.u., which would 
give the temperature computed by Bunsen f 
the specific heat were taken at 0.475. Poole 
gives 12,108 degrees as the rise in ter 
perature. 
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O, the elevation in temperature is then 
nly 
14,500 


870 (A 
+ (2.67 X 3.35 X 0.244) ~ 4°79 @) 


(3.67 Xx 0.2164) 
jlegrees. This is the maximum possible 
mperature elevation in the actual opera- 
ion of steam-boiler furnaces, but is never 
btained in practice. Carbon burning to 
CO in air would give a_ temperature 
rise of 


4450 


a 
(2.33 < 0.245) 4 33 X 3.35 X 0.244) ~ 70% () 


degrees, and hydrogen would give 
51,486 


(@ Xx 0.4805) + (8 x 3.85 x 0.0day PPO) 


degrees above 212 degrees.* 


In present practice successful combus- 
tion means the evolving of the largest 
quantity of heat and the commingling of 
just sufficient air to furnish the necessary 
oxygen for complete burning. Recent re- 
searches have shown that the rapidity of 
transmission of heat by radiation is pro- 
portional to the fourth power of the dif- 
ference in temperature. In a steam boiler 
the whole aim is to transmit as much of 
the heat of combustion as possible to the 
steam, and since the interval of time in 
which this must be done is short (being 
the time required for the movement of the 
gases from the grate to the uptake), 
rapidity of transmission is essential to 
high efficiency. As usually considered this 
rapidity is only to be gained by having the 
furnace temperature as high as possible. 
Any decrease in the supply of air below 
the amounts previously calculated, de- 
creases also the supply of oxygen and 
consequently the amount of heat evolved 
in combustion. 

For example, in the case of carbon 
burned to CO: Suppose only nine-tenths 
of the stated quantity of oxygen be sup- 
plied. Then only 09 pound of carbon 
can be burned, and the heat evolved is 


4450 X 0.9 = 4005 


B.t.u. The elevation 


then 


of temperature is 


4005 
(2.097 X 0.245) +- (1.197 « 3.35 x 0.244) 
+ (0.1 x 0.241) 


= 2650 (D) 


degrees, 0.1 pound of carbon having a 
specific heat of 0.241 being left on the 
grate. This conclusion may be generalized 
by noting that the numerator of the frac- 
tion is decreased strictly in proportion to 
the deficiency of oxygen, while the de- 
nominator is not decreased in quite so 
great a proportion, as the one pound of 
carbon is still there. Consequently the 
value of the fraction always decreases, 
lessening the elevation of temperature; 
but more important than this is the fact 
one-tenth of the heat in the fuel, 
which has been paid for, is not utilized. 


From both standpoints, therefore, restric- 
tion of air supply below the amount theo- 
Tetically necessary for combustion de- 


‘his figure is also higher than that of 
n’s, for the reason already stated. 
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creases the evolution of heat, lowers the 
resulting temperature and results in loss. 

If the air supply is in excess of that 
necessary, loss again occurs, and this loss 
is evidenced in two ways; first, by the de- 
creased elevation of temperature, owing 
to the greater amount of gas present ab- 
sorbing additional heat; and second, by the 
additional heat wasted at the stack by 
reason of the temperature of the escap- 
ing gases. On the furnace temperature 
the effect of excess air may be readily 
ascertained by reference to the computa- 
tions already made. Thus, in burning car- 
bon to CO, if twice as much air be sup- 
plied as is necessary for combustion, there 
will be supplied in addition to the amounts 
previously estimated for each pound of 
carbon burned, 2.67 pounds of oxygen and 
2.67 3.35 pounds of nitrogen. The ele- 
vation of temperature, with a specific heat 
of 0.218 for oxygen, will then be 

14,500 


(3.67 & 0.2164) + (2.67 « 3.35 « 2 0.244) 
+ (2.67 & 0.218) 


= 2530 (EF) 


degrees. 

Similarly, for carbon burning to CO, 
in air exceeding the theoretical amount by 
100 per cent., the temperature rise would 
be: 

4450 


(2.33 X 0.245) +- (1.33 x 3.35 x 2 « 0.244) 
+ (1.33 x 0,218) 


1470 (F) 


degrees. 
Hydrogen would give, with the same 
excess of air, 
51,486 


(9 X 0.4805) + (8 x 3.35 K 2X 0.244 
+ (8 & 0.218) 


3370 (G) 


degrees. 

On the basis that the availability of heat 
for doing work depends upon its tem- 
perature, it is evident that a serious loss 
of availability follows the introduction of 
excess air during combustion. 


CHEMICAL COMPOSITION OF FUEL DETER- 
MINES HEATING VALUE 


Commercial fuels differ widely in their 
chemical composition, and the reactions 
which occur during combustion are far 
more complex than the simple ones which 
have been assumed. Besides _ carbon, 
hydrogen and oxygen, all coals contain in- 
fusible ash, most coals certain traces of 
sulphur and phosphorus, and in some cases 
arsenic is found. The last three sub- 
stances are fuels. The ash detracts from 
the heating value, since it must be heated 
up to the temperature of the furnace, and 
much of this heat afterward rejected. 

Considering only the three principal ele- 
ments in the fuel, it is possible to calcu- 
late, though not exactly, the probable heat- 
ing value of the fuel from its chemical 
composition. Suppose a fuel to contain 93 
per cent. of carbon, 4 per cent. of hydrogen 
and 3 per cent. of oxygen, no incombus- 
tible ash being present. From each pound 
of fuel the following amounts of heat 
should apparently be developed: 


B.t.u. 
13,500 
2,472 


15,972 


ee 0.93 « 14,500 
. 0.04 & 61,800 = 


In burning, the hydrogen forms water, 
and this water absorbs heat, as has been 
shown, in rising in. temperature, evaporat- 
ing superheating. Each pound of 
hydrogen with eight pounds of 
oxygen from the air, but if this oxygen 
is already contained in the fuel, 
oxygen need be supplied by the air. 
the case under consideration, 


and 
unites 


less 
For 


8 X 0.04 = 0.32 
pound of oxygen is required, of which 
0.03 furnished by the fuel 
itself, leaving 0.29 pound to be furnished 
by the air. As has been shown, for each 
pound of hydrogen burned, 

(966 X 9) + (9 X 180) = 10,314 
B.t.u. must be deducted from the total 
heating value, representing the heat spent 
in evaporating the water. For 0.04 pound 
of hydrogen the deduction is 412.6 B.t.u., 
or generally speaking, if a is the percent- 
age of hydrogen, the deduction to be 
made is 


pound is 


1146 X QO. 


Deducting in this case 412.6 B.t.u. will 
15,559.4 B.t.u. as the heating value 
of the fuel. 
rect. The hydrogen in the fuel is partly 
combined with the oxygen in the form of 
water. This water is driven off at moder- 
ate temperatures, and the hydrogen avail- 
able as fuel is only that portion which is 
uncombined with oxygen. The 0.03 pound 
of oxygen in the fuel retains 


leave 
This, however, is not cor- 


0.03 


8 


hydrogen, 


= 0.00375 


pound of and the available 
hydrogen is only 
0.04 — 0.00375 = 0.03625 


Its heating value is 

0.03625 X 61,800 = 2230 

3.t.u., leaving 15,357 B.t.u. as the net heat- 
the coal 15,730 B.t.u., from which should 


pound. 


be deducted 

10,314 X 0.03625 = 373 
3.t.u., leaving 15,357 B.t.u. as the net heat- 
The general formula for heat- 


O 

3)" 

in which C, H and O are the weights of 
those elements in one pound of the fuel. 
This formula, known as Dulong’s, is ac- 
curate for ordinary coals and fuel oils, 
but is not applicable to some of the gases 


ing value. 


ing value is then 


14,500 C + 61,800 (47 


used as fuels. 


Catcutatep Heat Vatues Not ALWAys 
ACCURATE 

If it were not for the difficulty of ac- 

curately determining the elementary com- 

position of fuels, Dulong’s formula would 

afford in many cases a better method of 

value than the 


establishing the heating 





sot 
to 


calorimetric test, but in fuels containing 
over I5 or 20 per cent. of volatile matter, 
:ncluding all gas fuels, it is generally un- 
reliable. Two gases, like C:H: and C;He, 
‘or example, may have the same percent- 
composition with entirely different 
heating values. The former gas has a 
value of 21,856 B.t.u. per pound, 
Du- 
formula gives exceptionally close 


Ave 
age 


Seating 
while the latter has only 18,094 B.t.u. 
long’s 
sults with fuel oil, however, in which 
the hydrocarbon or volatile matter ex- 
the 15 per cent. limit. It is not 
applicable with rich hydrocarbon 
since it not take account of 
‘he heat of combination of the elements 
hydrocarbon compounds. In ar- 
at the heat of combustion by calu- 
lation, the heat must be 
ieducted. This explains why two hydro- 
carbons having the same percentage ele- 
nicntary composition, may yet differ in 
heating value. In “The Calorific Power 
f Fuels,’ Poole gives the following table 
showing the difference between the calcu- 
ted and actual heats of combustion in 
‘our cases, expressing the heating values 
2 calories per kilogram: 


eds 
losely 
fuels, does 
‘n the 
riving 


of combination 
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48,822 —___ == 9560 (K) 
(9 X 0.4805) + (8 x 3.35 x 2 X 0.244) 
+ (8 x 0.218) 
degrees. These are temperature eleva- 


tions measured above 212 degrees. 


FURNACE TEMPERATURES 


In actual combustion the temperatures 
attained are always less than the maxi- 
mum above given, owing to either a de- 
ficient or an excess supply of air. At high 
efficiency, with the air supply just right, 
this temperature would be quite destruc- 
Even the temperatures attained in 
boiler-furnace operation are found to 
bring about rapid deterioration. So far 
as the furnace alone is concerned, a lower 
temperature would be better if it could 
be obtained without such modification in 
conditions as would be detrimental to the 
cficiency. Unfortunately, however, any 
modifications of temperature brought about 
by either excessive or deficient air supply, 
results in loss. With a deficient supply 
of air the fuel is incompletely consumed, 
and does not evolve its full heating value, 
while with too much air a larger bulk of 
products of combustion is produced, re- 


tive. 


DIFFERENCE BETWEEN THE CALCULATED AND ACTUAL HEATS OF COMBUSTION 
Gases. Carbon. Hydrogen. — —_— Difference. 
MOTOR SOG. ..c00ssccee (CH,) 75.0 25.0 14,685 13,343 + 1342 
CHGRGMS COG «ic 2ds- GO gMEg) ciccdiincacces 85. 14.3 11,859 12,182 — 323 
RUOCP ROMO 66565 siivcwna) (Ogg) a cetsinccccsinics 92. 7.7 10,114 12,142 — 2028 
BORGING oa scsceceins (C,H,) 92 hoe 10,114 12,410 — 2256 


In making the calculations for the net 
heating value of hydrogen the method fol- 
wed by standard has been 
xdopted. This is slightly incorrect when 
-he hydrogen is burned in air, since be- 
sides heating the water formed by combus- 
‘ion the nitrogen must also be heated up 
>)» 212 degrees before any heat is avail- 
able for heating the products of combus- 
t:on above this temperature. The heat 
used in raising the temperature of the 
nitrogen is, per pound of hydrogen burned, 
8 3-35 X 0.244 X (212 — 32) = 1175 
3.t.u. Deducting this, the available heat 
trom the combustion of a pound of nitro- 
gen in just a sufficient amount of air is 
reduced to 50,311 B.t.u. Furthermore, 
with r00 per cent. excess air, eight use- 
iess pounds of oxygen and 26.8 pounds of 
nitrogen must be heated, absorbing 


writers 


(8 0.218 x 180) + (8 3.35 X 0.244 
xX 180) = 1489 


Btu. again reducing the heating value 

to 48,822 B.t.u. Equations (C) and (G) 

cuay, therefore, be modified by placing 

these new values in the numerators, which 

will give for the theoretical air supply. 
50,311 


= 4640 (. 
(9 & 0.4805) + (8 x 3.35 x 0.244) om 


d-grees, and for 100 per cent. of excess 


sulting not only in decreased temperature 
of combustion, but in a_ serious loss. 
Some of the heat of combustion must in 
all cases be wasted. At some temperature, 
always higher than that at which air was 
brought to the fuel, the heat ceases to 
be available for doing work and must be 
rejected. In the case of the steam boiler, 
this heat is discharged to the stack, say, 
at a temperature of 500 degrees. The 
amount of heat thus rejected depends 
simply upon the temperature and the 
quantity of gases. If the quantity of air 
is increased in order to lower the furnace 
temperature, the amount of heat event- 
ually rejected is correspondingly  in- 
creased, decreasing the efficiency of the 
process of which combustion is a part. 

If the terrestrial atmosphere contained 
less oxygen, more air would have to be 
supplied to burn fuel, the temperature of 
combustion would be lower and the heat 
rejected greater; if more oxygen, less air 
would be supplied and the temperature 
of combustion would be inconveniently 
high. If the heating value of ordinary 
fuel were less than it is, furnace temper- 
atures would be less, and with atmos- 
pheric air the heat rejected would be the 
same as it now is. The heating values 
of fuels vary quite widely, but there is no 
tendency evident toward the use of the 
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lower-grade fuels in preference to the 
others, excepting as brought about by the 
element of cost. The inconvenience of 
ligh furnace temperatures is more than 
offset by operative and financial consider- 
ations. 

If there were any way to decrease fur 
nace temperature without increasing heat 
rejection, such a practice might be appli 
cable to many industrial operations involv- 
ing the use of fuel. In order to accomplish 
the apparently incompatible results, it is 
only necessary that of the 
medium of combustion, for example, air, 
should be brought to the fuel at the same 
temperature as that at which heat is re 
jected to the chimney. 


any excess 


Suppose the med- 
ium of combustion to be a portion of the 
chimney gases. Then, so long as a suff- 
cient quantity of air is supplied with it to 
permit of complete combustion of the fuel, 
the temperature of combustion may almost 
indefinitely be lowered by increasing the 


proportion of chimney gases. No increase 
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REDUCING TEMPERATURE OF COMBUSTION 
WITH WASTE GASES 


of heat rejection occurs, excepting the 
slight amount of heat that might be lost 
by radiation, etc., as the gases pass from 
the chimney back to the fire. 


ADJUSTMENT OF AIR SUPPLY 

A device for accomplishing this very 
result is shown in the accompanying illus- 
tration.* In this illustration G is a grate 
on which fuel is burned, the products of 
combustion passing to the stack A. An 
outlet C from this stack communicates 
with the blower D, which may also draw 
air through F. The mixed air and gases 
are discharged through the gate D int 
the closed ash-pit B. It is easy to see that 
almost any desired temperature may b 
attained without increasing the loss of 
heat from the top of the stack. 

Suppose the fuel to be carbon, and that 
an elevation of temperature of 600 degrees 


*From “Flame Regulation in Chemical and 
Metallurgical Operations,’’ by Carleton Ellis 
in Electrochemical and Metallurgical In 
dustry, December, 1904. 
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is desired. Taking the specific heats of 
the air and gases at 0.23 for simplicity, 
we have 

0.23 (x + 1) (tt — te) = 14,500 
or 

0.23 (x + 1) (600) = 14.500, 
in which (ft: — to) is the temperature ele- 
vation of 600 degrees. Then x, the amount 
of air and gases to be supplied per pound 
of fuel, is 104 pounds. If this amount of 
pure air were supplied, and the difference 
in temperature between the escaping prod- 
ucts of combustion and the inlet air were 
400 degrees, then 

104 X 400 X 0.23 = 9568 
B.t.u. would be wasted per pound of fuel 
burned. If 90 pounds of waste gases were 
supplied with 14 pounds of pure air, the 
waste of heat would be only 
14 X 400 X 0.23 = 1288 
B.t.u., since the waste gases would come 
back to the fire at practically the same 
temperature as that at which they were 
discharged. The loss of heat to the stack 
would, therefore, be reduced by about 86% 
per cent., and would be substantially the 
same as that which would have been ex- 
perienced if 14 pounds of pure air without 
any admixture of waste gases had been 
used for the combustion of each pound of 
fuel. The only difference would be in the 
greatly reduced furnace temperature ac- 
complished, so far as the furnace is con- 
cerned, without loss of heat. In practice 
the escape of any gas through /7 in the 
illustration would not affect the operation. 
Practical operation of this principle has 

been secured in applications to cement 
kilns and lime burning, in which a con- 
trol of temperature is essential.* In 
other industrial operations the advantage 
of comparatively low furnace temperatures 
without loss of heat may extend its appli- 
cations. In that class of operations of 
which steam generation is typical, a seri- 
ous objection arises. Heat cannot be 
transferred from a body to another body 
at a higher temperature than itself. <A 
steam boiler operating at ordinary pres- 
sures is at a temperature of from 320 to 
370 degrees. It can only absorb heat from 
gases at a higher temperature than itself. 
If carbon is burned under a steam boiler, 
which has a temperature of 370 degrees 
and utilizes 25 pounds of air at 50 degrees 
per pound of fuel, that part of the heat of 
combustion which is exerted in raising the 
temperature of the gases to 370 degrees, 
approximately 

26 X (370 — 50) X 0.23 = 1914 
B.t.u., or 13.2 per cent. of the total heat in 
the fuel, cannot possibly be absorbed. 
Under these conditions the boiler efficiency 

“In the large class of operations of which 

these two are typical, a long flame is neces- 
SAary This leads to the use of rich hydro- 
carion fuels. On account of operative dif- 
flenities soft coal cannot be employed so that 
natural gas, fuel oil, or pulverized coal are 


‘lone available. The first is scarce, the sec- 
ond expensive. Pulverized coal is the only 
Solition of the difficulty (and this must be 
n from a highly volatile soft coal) un- 
flame lengths can be artificially increased 
reduction of furnace temperatures. 
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cannot exceed 86.8 per cent., and usually 
the efficiency would be less, since in very 
few boilers do the gases reach the flue at 
a temperature as low as that of the boil- 
ers themselves. 

According to the theory advanced by 
Professor Perry, the efficiency of heat 
absorption of a steam boiler is independent 
of the initial temperature of the gases. 
That is to say, if a boiler absorbs 70 per 
cent. of the heat in the gases when at an 
initial temperature of 2000 degrees, it will 
still absorb 70 per cent. if the initial tem- 
perature is only 1000 degrees. The uni- 
form loss of 30 per cent. means that the 
final temperature, that of discharge to the 
stack, based on the initial temperature of 
the air as zero) must be inversely propor- 
tional to the amount of gas produced by 
combustion, and since the initial tempera- 
ture of combustion is also inversely pro- 
portional to this amount of gas, the initial 
temperatures and stack discharge tem- 
peratures must be directly proportional to 
each other. Consequently, the heat-ab- 
sorbing capacity of the boiler is practically 
unlimited. This is such a startling con- 
tradiction of existing ideas on the subject 
that further consideration is warranted. 

Ordinarily, the rate of transmission of 
heat is supposed to be proportional, in 
some way, to the difference of tempera- 
ture. Professor Perry concedes this point, 
but goes on to show that on this basis an 
ordinary boiler is called upon to transmit 
to the water only about 0.001 as much 
heat as it might. Other factors may, 
therefore, serve to modify the rate of 
transmission in actual practice. Some of 
these factors are the number of molecules 
per cubic inch of gas, the specific heat of 
the gas, and the velocity of the gas. As 
the temperature of the gas increases, the 
decrease in the number of molecules di- 
minishes the convection of heat, and con- 
sequently tends to offset the effect of the 
high temperature. The effect of any de- 
crease in the specific heat at high tem- 
peratures is also to decrease the rate of 
convection. As to the velocity of the gas, 
Professor Perry assumes that at low velo- 
cities corresponding to low amounts of 
gas and high furnace temperatures, an 
inert film of gas adheres to the heating 
surface; at high velocities this film is 
scraped off and the transmission is more 
rapid. The three factors, then, so far as 
we have accurate knowledge of them, 
must tend to overcome the increase in 
rapidity of heat transmission which should 
follow increased temperature of the gas. 

Recent tests by the United States Geo- 
logical Survey have shown that when the 
temperature of combustion is maintained 
constant, the exit temperature of the gas 
remains constant, regardless of the velo- 
city of the gases through the boiler.t The 


+Walter C. Finlay (Trans. A. I. EB. E., Dec., 
1907) also reports an increase of 70 per 


cent. in the rate of evaporation without de- 
crease of efficiency, showing that, up to this 
point, the increase in flue-gas temperature is 
not greater 
consumption. 


than the increase in fuel 


heat-absorbing power of the boiler is, 
therefore, not affected by any variation 17 
the quantity of gas within the limits of 
practice. Practically, the heat-absorbing 
power may be regarded, as by Professor 
Perry, to be unlimited. 

That portion of the heat of combustion 
which is transferred to a boiler by radia- 
tion, depends on the temperature and 
specific heat alone. Since by the law of 
Stephan and Boltzmann the transfer by 
radiation is proportional to the difference 


‘of the fourth powers of the temperatures, 


the heat radiated in boiler operation 
doubles for about 500 degrees increase of 
furnace temperature.t The experiments 
made by the Geological Survey indicate, 
however, that only a part of the total 
transfer of heat is effected by radiation, 
varying from perhaps 50 per cent. in hori- 
zontal tubular boilers down to possibly 20 
per cent. in water-tube boilers. To this 
extent high furnace temperatures increas¢ 
the heat-absorbing power of the boiler. 
and this increase may or may not be coun 
terbalanced by the other factors affecting 
the transfer of heat by conduction an 
convection. 

Further tests by the Geological Surves 
are summarized in a paper by W. T. Ray 
and Henry Kreisinger,** as follows: 

1. After the velocity of the gas paralle 
to the heating surface has reached a cer- 
tain point, the rate of heat absorption is. 
almost proportional to the velocity. 

2. The rate of heat absorption in 
creases when the initial temperature rises ; 
it also seems to vary directly with th 
density of the gas. 

3. Increasing the diameter of the flues 
decreases their absorbing power. Increas 
ing their length beyond a certain point in- 
creases the efficiency very little. 

On this subject the various data can 
only be summed up by concluding that 
lessened furnace temperatures would tené 
toward a lower boiler economy. The far 
more important deduction is, that much 
higher rates of combustion than are gen- 
erally practiced are possible without loss 
of evaporative efficiency. Since high 
rates of combustion generally lead te 
high furnace efficiency, their use must. 
therefore, inevitably lead to increased 
economy of the boiler as a_ whole. 
In this there is nothing new, since engi- 
neers have been advocating higher rates 
of combustion for at least five years past. 

As to high furnace temperature, the 
condition which produces this result is 
that of proper air supply; and since this 
condition also leads to minimum loss az 
the stack, adjustment of air supply is the 
overwhelming factor in economical com 
bustion and steam generation. 





It is stated that about 25,000 incandes- 
cent electric lights are in use in the new 
Singer building in New York. 


tEngineering, Nov. 1, 1907, p. 601. 


**Western Society of Engineers, Sept. 18, 
1907. 
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Troubles with Steam Turbine 
Auxiliaries 


By WALTER B. Gump 


The case about to be described concerns 
a steam plant in which there were seven 
cross-compound condensing Corliss en- 
gines, and two Curtis steam turbines. 
The latter were each of 1500-kilowatt 
capacity, and were connected to surface 
condensers, dry-vacuum pumps, 
fugal, hot-well and circulating pumps, re- 
spectively. In the illustration the original 
lay-out of piping is shown in full lines. 
Being originally a reciprocating plant it 
was difficult to make the allotted space for 
the turbines suitable for their proper in- 
stallation. The trouble which followed 
was a perfectly natural result of the fail- 
ure to meet the requirements of a turbine 
plant, and the description herein given is 
but one example of a great many where 
the executive head of a concern insists 
upon controlling the situation without re- 
gard to engineering advice or common 
sense. , 


CIRCULATING Pump Faits to MEET 
GUARANTEE 


Observing the plan view, it will be seen 
that the condensers for both turbines re- 
ceive their supply of cooling water from 
the same supply pipe; that is, the pipes, 
both suction and discharge, leading to No. 
I condenser are simply branches from No. 
2, which was installed first without con- 
sideration for a second unit. When No. 1 
was installed there was a row of columns 
from the basement floor to the main floor 
extending in a plane which came directly 
in front of the condenser. The column P 
shown in the plan was so located as to 
prevent a direct connection between the 
centrifugal circulating pump and the con- 
denser inlet. The centrifugal pump was 
direct-connected to a vertical high-speed 
engine, and the coupling is shown at E in 
the elevation. 

Every possible plan was contemplated 
to accommodate the engine and pump 
without removing any of the columns, and 
the arrangement shown finally 
adopted, leaving the column P in its for- 
mer place by employing an S-connection 
from the pump to the condenser. It 
should be stated that the pump was pur- 
chased under a guarantee to deliver 6000 
gallons per minute under a head of 50 
feet, with an impeller velocity of 285 
revolutions per minute. The vertical en- 
gine to which the pump was connected 
proved to be utterly unfit for running at a 
speed beyond 225 to 230 revolutions per 
minute, and in addition the S-bend would 
obviously reduce the capacity, even at the 
proper speed of the impeller. 

Besides these factors there was another 
feature even more serious. It was found 
that when No. 2 unit was operating, No. I 
could not get as great a quantity of cir- 


was 


centri-’ 
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culating water as when No. 2 was shut 
down. This was because No. 2 was draw- 
ing most of the water, and No. 1 received 
only that which No. 2 could not pull from 
the suction pipe A. This will be clear 
from the fact that the suction and dis- 
charge pipes for No. I were only 16 
inches, while those of No. 2 were 20 
inches and 16 inches, respectively. The 
condenser for No. 2 had 1000 square feet 
less cooling surface than No. 1, which 
had 6000 square feet and was supplied 
with cooling water by means of two cen- 
trifugal pumps of smaller capacity than 
for No. 1 and arranged in parallel. These 
were each driven by an electric motor, 
and were termed “The Siamese Twins,” 
due to the way in which they were con- 
nected. 

The load factor of the plant ranged 
from 0.22 to 0.30, the load being almost 
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were made in reference to the high oil 
consumption. An investigation on the 
company’s part followed, and the firm 
which furnished the centrifugal pump and 
engine was next in order to receive com 
plaints. Repeated efforts were made to 
increase the speed of the vertical engine 
to 285 revolutions per minute, but such a 
speed proved detrimental to the engine, 
and a lower speed of about 225 revolu 
tions per minute had to be adopted. 

A thorough test on the pump to ascer- 
tain its delivery at various speeds was the 
next move, and a notched weir, such as is 
shown in the elevation, was employed 
The test was made on No. 2 cooling 
tower, not shown in the sketch, and 
showed that barely 3000 gallons per 
minute were being delivered to the cooling 
tower. While the firm furnishing the 
pump was willing to concede that the 
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TURBINE AUXILIARIES AND PIPING 


entirely lighting, so that for the winter 
season the load factor reached the latter 
figure. The day load was, therefore, light 
and not sufficient to give one turbine more 
than from one-fourth to one-third its rated 
capacity. Under these conditions No. 1 
unit was able to operate much more satis- 
factorily than when fully loaded, because 
of the fact that the cooling water was 
more effective. This was, of course, all 
used by No. 1 unit when No. 2 was not 
operating. At best, however, it was found 
that the vacuum could not be made to ex- 
ceed 24 inches, and during the peak, with 
the two turbines running, the vacuum 
would often drop to 12 inches. A vacuum 
of 16 inches or 18 inches on the peak was 
considered good. 


AN_ INVESTIGATION 


Severe ‘criticism “rained” heavily upon 
the engineer in charge, and complaints 


pump might not be doing all it should, 
attention was called to the fact that there 
might be some other conditions in con- 
nection with the system which were re- 
sponsible for the losses. Notable among 
these was the hydraulic friction, and 
when this feature of the case was pre- 
sented, the company did not seem at all 
anxious to investigate the matter further ; 
obviously on account of facing a possible 
necessity for new piping or other ap 
paratus which might cost something. 
Approximately 34 feet was the static 
head of water to be pumped over No. 2 
cooling tower. Pressure gages were con 
nected to the suction, discharge, and con 
denser inlet, as shown at G, G’ and G” 
respectively. When No. 1 unit was oper 
ating alone the gage G showed practically 
zero, indicating no vacuum in the suction 
pipe. Observing the same gage when N 
2 unit was running, a vacuum as high as 
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2 pounds was indicated, showing that No. 
» was drawing more than its share of 
ooling water from the main A and hence 
the circulating pump for No. 1 was fight- 
ing for all it received. Gage G’ indicated 

pressure of 21 pounds, while G” indi- 
cated 18.5 pounds, showing a difference of 
2.5 pounds pressure lost in the S-bend. 
This is equivalent to a loss of head of 
nearly 6 feet, 0.43 pound per foot head 
being the constant employed. The total 
head against which the pump worked was 
therefore 


G’+G=21+4 2, 


23 


— me'S3 


feet, approximately. Since the static head 
was 34 feet, the head lost in friction was 
evidently 
53 — 34 = 19 

feet, or 

1900 

53 
per cent., approximately. 





SuppLy oF CooLING WATER LIMITED 


In addition to this the supply of cool- 
ing water was limited, the vacuum being 
extremely low at just the time when effi- 
cient operation should be had. The natu- 
ral result occurred, which was this: As 
the load on the turbine increased, the 
amount of steam issuing into the con- 
denser increased, heating the circulating 
water to a temperature which the cooling 
tower (not in the best condition) was 
unable to decrease to any great extent. 
The vacuum gradually dropped off, which 
indicated that the condenser was being 
filled with vapor, and in a short time the 
small centrifugal tail-pump lost its prime, 
becoming “‘vapor bound,” and the vacuum 
further decreased. The steam which had 
condensed would not go into the tail- 
pump because of the tendency of the dry- 
pump to maintain a vacuum. When a 
certain point was reached the dry-vacuum 
pump started to draw water in its cylin- 
der, and the unit had to be shut down im- 
mediately. 


VAPOR-BOUND Pumps 


As the circulating water gradually rose 
in temperature the circulating pump also 
became “vapor bound,” so that the unit 
would be tied up for the rest of the night, 
as this pump could not be made to draw 
hot water. The reason for this condition 
may be explained in the following way. 
When the circulating pump was operating 
and there was a suction of 2 pounds indi- 
cated at G, the water was not flowing to 
the pump of its own accord, but was being 
pulled through by force. This water 
would flow through the pump until a point 
was reached when the water became hot 
enough to be converted into vapor, this 

urring at a point where the pressure 
sufficiently reduced to cause the water 
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to boil. Naturally this point was in the 
suction pipe and vapor was thus main- 
tained behind the pump as long as it was 
operating. In this case the pump was 
merely maintaining a partial vacuum, but 
not drawing water. After the vacuum was 
once lost, by reason of the facts given, it 
could not be regained, as the circulating 
water, piping and condenser required a 
considerable period of time in which to 
cool. 

Before any radical changes were made 
it was decided that a man should crawl in 
the suction pipe A and remove such sand, 
dirt or any other obstacles as were be- 
lieved to cause the friction. After this 
had been done and considerable sand: had 
been removed, tests were resumed with 
practically the same results as_ before. 
The investigation was continued and the 
dry-vacuum pumps were overhauled, as 
they had been damaged by water in the 
cylinders, and furthermore needed re- 
boring. In short, the auxiliaries were re- 
stored to the best condition that could be 
brought about by the individual improve- 
ment of each piece of apparatus. As this 
was not the seat of the trouble, however, 
the remedy failed to effect a “cure.” It 
was demonstrated that the steam consump- 
tion of the turbines was greatly increased 
Gue to priming of the boilers, as well as 
condensation in the turbine casing; hence, 
the ills above mentioned were aggravated. 


CHANGES IN PIPING 


After a great deal of argument from 
the chief engineer and the firm which fur- 
nished the pump, both making a strong 
plea for a change in the piping, the com- 
pany accepted the inevitable, and the dot- 
ted portion shows the present lay-out. 
The elbow M was removed, and a tee put 
in its place to which the piping D was 
connected. The circulating pump was re- 
moved to the position shown, and a direct 
connection substituted for the S-bend. The 
discharge pipe C was carried from No. 1 
unit separately, as shown in the elevation, 
and terminated at No. 1 cooling tower in- 
stead of No. 2, which shortened the dis- 
tance about 60 feet, the total length of 
pipe (one way) from No. 1 unit being 
originally about 250 feet. In this way the 
condensing equipment was made practi- 
cally separate for each turbine, as it 
should have been in the first place. 

With the new piping a vacuum of 24 
inches on the peak could be reached. 
While this is far from an efficient value, 
yet it is better than the former figure. 
The failure to reach a vacuum of 28 
inches or better is due primarily to a lack 
of cooling water, but an improvement in 
this regard could be made by reconstruct- 
ing the cooling towers, which at present 
do not offer the proper amount of cool- 
ing surface. The screens used were heavy 
galvanized wire of about 3/16-inch mesh, 
which became coated in a short time, and 
must be thoroughly cleaned to permit the 
water to drop through them. The supply 
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of cooling water was taken from a 30- 
inch pipe line several miles long and fed 
from a spring. The amount of water 
varied considerably and was at times 
quite insufficient for the load on the plant. 
Instead of meeting this condition with the 
best apparatus possible, a chain of diffi- 
culties were added to it, with the results 
given. 





Locating Defects in Steam Pumps 





By W. H. WAKEMAN 





It is both interesting and instructive to 
watch the operation of a steam pump 
when its irregular movements show that 
it is not in good order, and from these 
observations endeavor to locate the cause 
of trouble. When the pump is taken apart 
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FIG, I. 


SECTION THROUGH WATER END OF 
PUMP 


to be repaired, care should be taken to see 
if the assumed cause of imperfect work- 
ing agrees with the real cause, and if it 
does not, then a reason for the difference 
ought to be found and the circumstances 
carefully noted for future reference. If 
engineers would always do this in an in- 
telligent manner, their knowledge of 
pumps of all kinds would be much more 
satisfactory to themselves and their em- 
ployers than it is in some cases. 

The last time that the writer’s attention 
was called to this matter was when one 
of his pumps began to show signs of fail- 
ure. This pump is clearly shown in the 
sectional view, Fig. 1, with two of the 
water valves open and two closed. When 
a stroke was made in the direction indi- 
cated by the lower arrow, the piston 
moved steadily through the whole stroke, 
and during this time the suction valve 4 
and the discharge valve B were open for 
the circulation of water. 
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This action gives no indication of the 
condition of these valves, for if they were 
badly worn, or removed altogether, the 
piston would move steadily forward be- 
cause the water passages are open. In 
case one or both were fastened down so 
that they could not be opened, the piston 


\ 


FIG. 2. HALF VIEWS OF PUMP VALVES 





FIG. 3. BROKEN PARTS FROM WATER CYL- 
INDER 


would show it, but this defect is seldom 
found in a pump. 

The piston’s action when moving in the 
direction indicated by the lower arrow 
shows that the suction valve C is tight, 
for if it were not, water would be forced 
back through it into the suction pipe. It 
also shows that the discharge valve D is 
in good order, for if it were not, water 
would be forced through it into the suc- 
tion passage underneath, and as either of 
these defects would affect the piston, they 
could easily be traced. 

When the piston moved in the direction 
indicated by the upper arrow, with the 
valves C and D opened and A and B closed, 
it quickly traversed the stroke, and for this 
reason showed plainly that it did little or 
no work. It was concluded that this 
action was due to a defective suction valve 
at A which allowed water to return to 
the suction pipe instead of going to the 
boiler, or was caused by a broken or worn- 
out discharge valve at B allowing water 
to rush down back of the piston into the 
cylinder. It was impossible to decide in 
advance which of these valves was de- 
fective, but when the pump was taken 





POWER AND THE ENGINEER. 


apart, A was found in good order, as 
shown in Fig. 2, but B was badly worn. 

The action just described seldom or 
never indicates a leaky piston, for in that 
case the piston would move alike on both 
strokes. As with a leaky piston the slip 
iS excessive, it becomes necessary to run 
the pump faster to get the usual amount 
of water, and the speed must be increased 
more and more in proportion to the 
amount of leakage. 


Curinc A LEAK 


lor more than a dozen years the pump 
referred to has been in service and has 
been used for cold water only. The valve 
seats were not in perfect order, but the 
soft-rubber valves adapted themselves to 
the rough seats and prevented leakage. 
However, when I wished to replace B, 
also D, which was badly worn but did not 
leak, there were no soft-rubber valves in 
reserve, but plenty of hard-rubber valves 
for use in hot-water pumping. These 
alone were useless, because they would 
permit water to leak through so rapidly 
that none would go to the boilers. How- 
ever, by putting a piece of pure-rubber 
packing ¥% inch thick under each of them, 
they were made perfectly tight. Of 
course the packing was cut in circular 
form to correspond to the valves, and 
was only used until suitable soft-rubber 
valves could be procured. 

In another case a single pump that was 
used to feed a pair of boilers would 
always pound badly except when running 
at a very slow speed. The main steam 
valve of this pump was of the common D- 
slide-valve type, and by having a new 
valve cast with about % inch more in- 
side lap, the steam piston received the 
benefit of more compression and the 
pound was greatly reduced. 

Fig. 3 illustrates the broken parts that 
were found in one of the water cylinders 
of a duplex hot-water pump. When new, 
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one end to the other of each stroke, thus 
indicating that the water piston was out 
of order. It could not deliver water in 
this condition, but was continued in ser- 
vice because the other water piston was 
in fair working order and by running the 
pump fast the boiler was supplied with 
water. Finally the follower-plate dropped 
off from the piston-rod, and as it was too 
stiff to be crushed by the piston, the next 
stroke could not be completed. 

As the pump was now wholly disabled, 
it became necessary to use other means 
for supplying the boiler. This pump took 
hot water from a receiver into which 
drips from a heating system discharged in 
the usual way, and cold water from a 
street main supplied the extra quantity 
usually required in such cases. The cold 
water was shut off and the hot water was 
allowed to run into the sewer. 

For use in such an emergency the plant 
was equipped with a good injector, but 
when an attempt was made to use it to 
force water into the boiler the result was 
a failure. Some loose scale found in the 
steam space accounted for its failure to 
work properly. The engineer finally suc- 
ceeded in starting a spare pump and the 
plant was not shut down for lack of water, 
but it was a narrow escape. 





A Home-made Pump Regulator } 





By R. O. RicHarps 





A “home-made” contrivance was 2 
pump regulator shown in the accompany- 
ing sketches, and though the writer is 
aware of glaring faults in its construction, 
it worked well; in fact, better than some 
regulators on the market. The column 4, 
Fig. 1, was originally of the float-and- 
whistle type. The whistle was removed, 
and a piece of smoothly bored 1-inch pipe 
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FIG. I. 


these parts held the rings of fibrous pack- 
ing in place, but due to long and contin- 
ued neglect they became loose, fell out 
and were crushed out of shape by the 
moving piston. When steam was ad- 
mitted to the cylinder on the same side 
of the pump, the piston would jump from 





CONNECTIONS OF A 


HOME-MADE PUMP REGULATOR 


inserted in its place. A %-inch water pipe 
C was tapped to it by means of thimbles. 
A balanced piston is attached to the float 
lever. When the float descends, the pis- 
ton rises, allowing the water to escape 
around the opening EE, Fig. 2, thus creat- 
ing more or less pressure under the 2-inch 
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diaphragm D which in turn controls the 
opening and closing of the quick-opening 
valve E, which is placed on an auxiliary 
steam supply to the feed-pump. 

The drip F must, of course, be more or 
less open, so as to allow the pressure un- 
der D to accumulate gradually. In prac- 
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FIG. 2 


tice, the valve G is opened enough to work 
the pump at a slow speed, not quite fast 
enough to supply the required feed-water, 
so that some steam must be supplied 
through the valve E, and this supply is 
governed by the regulator. The water in 
the pipe C is under 10 pounds pressure, 
being supplied from a plumber’s float-tank, 
not shown. When there is a clear opening 
through the cylinder B, full 10 pounds 
pressure is maintained in the pipe C; 
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Experience of a Trouble Man 





By R. A. WaLKway 





Robert Billings, called “Bob” for short, 
was employed as a trouble man by the 
All Work-No Play Engine and Machine 
Company, located in a thriving city not 
more than twenty miles from Boston. 

When there were not sufficient troubles 
to keep “Bob” on the go, he usually had 
no difficuity in finding something to do in 
the shop. One day as “Bob” had just 
completed a rush job, the superintendent 
told him to go over to Black’s place and 


see what the trouble was with their 
engine. 
“What’s the matter with them, any- 


how?” grumbled “Bob.” “That engine 
is only two years old and they are having 
more trouble than as if it were twenty.” 

“T don’t know. They just ’phoned in 
and wanted a man to come over and get 
things going. They say the engine won't 
run and the engineer don’t know what 
to do.” 

“T should think it would pay those peo- 
ple to get an engineer who knew enough 
to keep an engine running..without shut- 
ting the whole plant down: The.most of 
my jobs are caused~by, the engineers try- 
ing to make changes and not studying out 
beforehand what the result will be. It’s 
a good deal like getting married in a 
hurry and then spending your time won- 
dering how it happened.” So _ saying, 
“Bob,” after packing his tool grip, started 
for Black’s engine room. 

Arriving there, he made his way to the 
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“YOU HAVE NEGLECTED TO PULL THIS PIECE OF WASTE OUT OF THE GOVERNOR GEARS 


but when shut off the pressure is nil. 
Piping a light gage in this water pipe, 
then, would show the water pressure in 
this pipe, and consequently the level of the 
water, to a certain extent. This gage was 
placed in the engine room, and an alarm 
wired to it. 





office and after stating his business was 
shown the way to the engine room. 
“Now,” said “Bob,” turning to the be- 
wildered looking engineer, “what was you 
doing and how was the engine working 
just before it stopped?” 
“Why the engin’ was pumpin’ ‘long fine 


un 
N 


like, and I wasn't doin’ nothin’ ‘cept wipin’ 
the dirt and oil off the frame. I didn’t 
do a thing to the engine. No, sir, I 
didn’t !” 

“Oh you was just wiping off the engine, 
was you? Well, where was you wiping 
the engine, about by the governor gears?” 

“Yep! I was standin’ right in front of 
‘em when the engin’ stopped, and there 
was plenty of steam, too, for the gages 
showed 100 pounds of steam on um.” 

“Of course there was plenty of steam. 
It is very fortunate that you let your 
safety cams alone and they operated. The 
only trouble I can see with your engine 
is that you have neglected to pull this 
piece of waste out of the governor gears 
which got in when you were wiping the 
engine frame,” and as “Bob” said this he 
pulled a piece of waste from between the 
gear teeth. 

The safety catch was then thrown up 
to hold the safety knock-off cams away 
far enough from the catch-block arm so 
that the block would catch on and lift 
the valve. The throttle was then opened 
and the engine started up the same as 
usual. 

“Well, I'll be jiggered!”’ exclaimed the 
engineer, who had watched the removing 
of the waste with interest, “TI 
an idea—” 

“T shouldn’t think you had,” interrupted 
“Bob,” “from your present exhibition of 
mental ability. If you had, you would 
probably have a better job. I’d hunt my 
plant over from top to bottom for a trou- 
ble before I would send for an outsider; 
but you ain’t the only one.” And “Bob,” 
having eased his mind, related the follow- 
ing while holding down the engineer’s 
chair: 

“T have some of the simplest things to 
fix,’ said he. “One plant I was called 
on to start up was where they had a new 
engineer. The equipment was a good-sized 
slide-valve engine with one of these 
safety arrangements on the governor belt. 
The old engineer had never seen the thing 
work, .and so the last thing he did before 
he left the job for another, when shut- 
ting down for the night, was to run the 
governor belt off and permit the device 
to close the governor valve. The packing 
around the governor stem had become 
hard and when the valve seated the un- 
worn portion of the stem was forced into 
this hard, unyielding packing and_ held 
there. 

“When the new engineer came to start 
up the next morning, the engine refused 
to move, and as the governor belt was in 
place and the engine scemed to be all 
right, he didn’t know what the trouble 
was, or what to do. After he had looked 
over all the valves and had examined the 
engine several times, he sent for me.” 

“How did you know where to look?” 
grunted the engineer. 

“Well,” replied “Bob,” 
eral experiences of a similar nature be- 


never had 


I had had sev- 


fore, and as soon as the engineer told me 
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what had been done the night before, I 
had a pretty good idea that the trouble 
would be found with the governor spindle, 
and it was. All that was done at that 
time was to lift the spindle and start the 
engine, but that night it was repacked.” 

“Humph! That was easy. It’s a won- 
der he didn’t think of that before he called 
for help,” remarked the engineer, who had 
regained confidence in himself. 

“Yes, it is a wonder that such simple 
things can’t be found out by the one most 
interested,” replied “Bob,” as he lit his 
pipe and started to go. “There are funny 
things in this world, as well as funny peo- 
ple, and some don’t know when they are 
knocking themselves.” 





Remote Controlled Valves in the 
New York Central R. R. 


Power Stations 





The remote-control system described 
herein has been developed for the special 
purpose of closing from remote points 
high-pressure gate valves in the steam 
mains of the two turbine-generator power 
stations of the New York Central & Hud- 
son River Railroad Company. 

The arrangement consists of a 14-inch 
gate valve, actuated by a hydraulic cylin- 
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ELECTRICAL TRIPPING ARRANGEMENT FOR HY- 
DRAULICALLY OPERATED VALVE 


der, of standard construction available on 
the market. The gate valve is operated by 
a four-way pilot valve, admitting water 
supplied either from the city water mains 
or from the boiler feed-pumps, above or 
below the hydraulic piston. 

As shown in the illustration, water 
enters at A, moving the piston in the 
hydraulic cylinder B up or down, accord- 
ing to the position of the four-way pilot 
valve. To the pilot valve is connected a 
lever L, which is turned 90 degrees by the 
pilot valve operator W, when the latter is 
released by the tripping magnet in case 
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contact is made by a push-button. Cur- 
rent can be obtained from a storage bat- 
tery, or from any lighting circuit. 

It will be noted from the sketch that 
lost motion is allowed between moving 
parts in order safely to overcome friction 
that might otherwise cause sticking of the 
tripping device or pilot valve. The entire 
construction is inclosed in a tight cast- 
iron case, and an indicator shows whether 
the valve is open or closed. The valve, 
after it has been tripped, can be re-set 
by a removable handle. 





FIG, I. 


The advantages of this construction are 
the following: 

The valve can be closed from any point 
in the power station; for instance, from 
the switchboard gallery. It can either be 
used to shut off the steam supply from 
the engines or turbines in case of emer- 
gency, or regularly as soon as the electric 
load is taken off and the machine is to be 
shut down. 

The valve cannot be opened accidentally 
because the counterweight has to be re- 
set, making it necessary for 4 man to go 
to the valve for opening it. The valve 
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can, however, be opened as_ readily 
as any ordinary valve, hydraulically oper- 
ated, not equipped with the special elec 
trical tripping device. 

The time of closing the valve can be ad- 
justed by properly limiting the water sup 
ply, making its performance independent 
from the operator, and permitting the 
valve to be closed sufficiently slow to 
avoid excessive strain on the piping. 

The mechanism is simple and positive, 
and it is not apt to get out of order, an 
advantage over most motor - operated 








OLD-TIME VERTICAL CORLISS ENGINE 


valves. Long and cumbersome water con 
nections are not required as in case of 
exclusively hydraulic operation. 

It should be mentioned that all wiring 
must be installed most carefully, in orde1 
to preclude a possibility of accidentally 
tripping a valve, or failure to operate in 
case of emergency. With such a device 
in the hands of a switchboard operator, 
giving him control of the steam supply to 
the engine, it is believed that the safety 
of operating large power stations can b« 
increased. 


There should be no hesitancy to give the 
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switchboard operator control over the 
valves in the steam mains to steam-driven 
generators, for the reason that the steam 
supply can be shut off as soon as the 
generator is taken off the system. In case 
)f emergency, for instance, a burn-out of a 
generator, the main circuit-breaker will 
trip automatically, and under these condi- 
tions the possibility of shutting off the 
steam supply from the switchboard gal- 
lery will tend to decrease the accident 
and danger to the operating force; also, it 
will avoid confusion in the engine room. 


An Odd Type of Corliss Engine 


A peculiar type of Corliss engine, the 
age of which is not known, is shown here- 
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2. Here it will be seen that the governor 
is supported by one of the outer columns 
and driven by a belt from the crank-shaft. 
The eccentric-rod operates a wrist-plate, 
which in turn operates two arms (only 
one of which is shown) which operates 
the two steam valves shown top and bot- 
tom of the right-hand side of the cylinder. 

The cut-off is obtained by the governor- 
rod operating the knock-off cam, which 
forces the upper end in and the lower end 
of the claw containing the catch-block out, 
thus disengaging the valve-stem and per- 
mitting the dash-pot to close the valve. 
The knock-off arrangement does not move 
with the arms which are pivoted at the 
left-hand end, but is attached to the 
frame of the engine. 
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FIG. 2. 


with. Fig. 1 shows that the frame rests 
upon the cylinder, the bottom end of 
which is bolted to the bed-plate. The 
main pillow-block is supported above the 
cylinder by means of the engine frame 
and the two pillars shown on either side. 
lhe outboard bearing is anchored in the 
brick wall shown behind the engine. The 
top head of the cylinder is removable, 
which permits of examining the interior 
tf the cylinder. The guide is of the ordi- 
ary type, while the crosshead is fitted 
vith adjusting nuts and bolts. 

The valve arrangemeftt is shown in Fig. 









































SHOWING ARRANGEMENT OF THE VALVE-GEAR 


The exhaust valves are operated by the 
adjustable rod from the rocker-arm, as 
in the ordinary type of Corliss engine. 
Steam is admitted through the steam pipe 
shown at the left of Fig. 1 and right of 
Fig. 2, while the exhaust escapes through 
the. opposite pipes. A railing and walk- 
way are arranged conveniently for the 
engineer to examine the upper part of the 
engine. 

The steam pipe is fitted with a sepa- 
rator, while the feed-pipe shown by the 
heater, which is bolted to the engine bed, 
is equipped with a filter, shown suspended 
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between the two vertical feed-pipes, Fig. 1. 

The age of this engine is unknown. The 
first information that can be obtained re- 
garding it is that it was purchased about 
35 years ago by Rupert W. Peck, owner 
of the City Machine Company, Provi- 
dence, R. I. The engine proving too large, 
was sold to Frank McSwegan & Son, 
dealers in second-hand engines and boil- 
ers, 3 Dover street and Franklin square, 
New York City. The engine was next 
sold to the Catskill Paper Company, and 
about 1885 to the Allen Rope Works 
Company, Brooklyn, N. Y., where it was 
operated for about eight years, when the 
works were abandoned and the engine 
allowed to lie idle for ten years, during 
which time the brasses, oil cup and valve- 
gear were stripped by boys or tramps and 
probably sold for old junk. 

The engine was fitted up anew in 1902 
and sold to the Bowne Milling Company, 
Brooklyn, N. Y., where it may be now 
seen in operation. So far as known there 
is only one other engine of this type in 
operation at the present time. The en- 
gine operates very smoothly and accord- 
ing to the engineer’s report is very eco- 
nomical. 





Air in Feed Water 





By Peter VAN Brock 





Air is a mixture of oxygen and nitro- 
gen, which last is simply to dilute 
(weaken) the oxygen, or we should burn 
up in an hour, by breathing pure oxygen. 

Water is a chemical combination of 
oxygen and hydrogen, and these two are 
practically inseparable, in the form we 
drink or boil or drown in. 

In air the oxygen is at liberty to burn 
slowly. We call it rusting, or as some 
may call it, “pitting.” But all water con- 
tains air, which can only be compelled to 
leave the water by boiling it, in an open 
vessel, at 212 degrees, or somewhere near 
it. And as air expands more quickly than 
water, the air bubbles promptly rise out 
of the water into their own place, the 
atmosphere. 

Thus, if the lower part of this vessel be 
connected to the receiver side of a pump 
constructed to pump hot water (not every 
pump can do that), then you will feed 
water to a boiler without the company of 
air. Any person claiming to extract the 
air by any other process is getting trouble 
for the engineer-in-charge. 

3ut “pitting” will be present still, though 
not so energetically, being the work of 
carbonic acid, which will be partly (but 
not wholly) liberated by the process of 
boiling in the open air. 





When a pump takes its suction under 
pressure through long pipes, the water is 
suddenly checked during the action of the 
pump, with great force. By all means 


put on an air chamber. 
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WE PAY FOR USEFUL 


Upper Carbon Packing Seal in 
a Curtis Turbine. 


In most cases the upper carbon-packing 
seal in a Curtis turbine starts from the 
back bonnet of the controller-valve cas- 
ing, on the overload side, and passes 
through the armature base to the packing 
case of the shaft. After the governor 
begins to perform its work all the valves 
are closed, and are reopened as the load 
demands; and under all conditions of 
load there is a pressure equal to the 
pressure in the steam pipe in the valve 
casing. The steam seal may begin at the 
point named and supply all the steam re- 
quired to seal the packing, and there 
will be no objection to this method cf 
supplying steam to the casing, until, pos- 
sibly, the main throttle valve becomes 
closed from some unexpected cause. For 
instance, the weight may fall, or someone 
or something may strike the trip lever, or 
the trip lever may fall from excessive 
speed. When this occurs the steam sup- 
ply to the valve casing is cut off and the 
packing no longer has its seal; and if the 
packing is a loose fit on the shaft, the 
vacuum will drop and, naturally, the con- 
denser become hotter. The amount of 
this drop in vacuum, of course, depends 
upon the condition of the packing. 

It is also to be remembered that when 
the machine is at rest and a vacuum is 
being formed previous to putting the tur- 
bine into service, there is no way of 
applying a steam seal to the carbon pack- 
ing at the wheel-casing head, for all the 
valves leading into turbine are open and 
there will be no pressure in the valve 
casing for the purpose. On the other 
hand, there will be a vacuum on the en- 
tire machine, extending back into the 
steam pipe leading from the throttle. 

It appears to me that at the time of 
obtaining a vacuum, or when there is a 
vacuum on the entire machine, the steam 
seal is needed most, and for that reason 
I have piped the steam seal from behind 
the throttle valve, where a constant pres- 
sure is to be had. You will at all times 
have your steam seal on packing regard- 
less of what conditions exist on the 
machine. . 

Before starting up, the seal may be ap- 
plied; and I know from experience that 
a much better vacuum can be obtained by 
having a seal on the machine. If we do 
not form this seal from some steam pipe 
with constant pressure, it is plain that no 


packing. 


seal can be afforded the packing until 
the governor is controlling the machine 
and the valves have been closed. In most 
cases (not all) only a few seconds elapse 
after the machine has reached speed and 
is being governed by its governor, before 
it is in multiple with other units (or on 
the line with a load by itself), and it 
naturally has a pressure in the first stage 
which will answer for a seal, unless the 
load is a varying one and falls off to 
where a vacuum has formed in the first 

This, I think, is very seldom the 
however. 


stage. 
case, 

Often engineers who operate turbines 
of the vertical type are not well posted 
regarding the amount of pressure that 
should be. carried on the lower carbon 
[ have seen cases where from 
12 to 16 pounds pressure was carried, and 
in one case of this kind the chief com- 
plained about having to draw a great 
deal of water from the oil filter. It was 
decided to look into the packing in the 
exhaust base, as this seemed to be the 
only source from which water could get 
into the oil. The machine in question 
was shut down and the packing removed 
from around the shaft. It was found that 
directly in line with the opening in the 
casing where the steam of 16 pounds 
gage pressure was admitted there was 
quite a hole in both packing rings, having 
been cut by this excessive pressure com- 
ing in direct contact with the rings at 
this one point. The condensed water as 
well as live steam had a direct passage 


into the exhaust base; also into the cham-, 


ber where oil is discharged from the top 
of the guide-bearing, and it was here that 
the oil came in contact with the live 
steam and condensed it. Thus the tem- 
perature of the return oil became high, 
and, naturally, water went back with the 
oil. Had only water passed the lower carbon 
ring this would have been deflected by 
a ring located on the shaft below the 
packing for that purpose, and then car- 
ried off to the sewer through the drain 
pipe. 

The condition of the packing that had 
been taken out called for new, which was 
installed, and it was then decided to try 
a seal pressure of two pounds. This 
done, the vacuum was found to be the 
same as when the 16 pounds had been 
applied. The oil was a 
great many degrees lower, and no water 
was known to return with*the oil. It 


temperature 


was then decided to increase the pres- 
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sure in order to learn if the 
would be benefited, or augmented, 
increasing the pressure made no _ dif- 
ference; the vacuum was constant. The 
pressure was then put back to two pounds 
and kept at that, with excellent results. 
One pound above atmosphere will do as 
well as I5 or 20 pounds, as far as the 
vacuum is concerned, and, as seen, two 
pounds will not damage the rings at all. 
As long as one pound seal is registered, 
and the gage is accurate there can be no 
vacuum. 


vacuum 
but 


SrncLatr Worth. 
Philadelphia, Penn. 


Economical Lubrication 


At a little gathering of engineers a few 
weeks ago, after discussing various en- 
gine-room topics the question of economi- 
cal lubrication came up. The talk that 
followed recalled to the writer what he 
thinks is one of the cheapest instances of 
lubrication on record. 

It was an 18x42 Reynolds-Corliss en- 
gine, making 85 revolutions per minute. 
On taking charge .f the plant one of the 
first things that the writer noticed was 
that the only way of lubricating the crank- 
pin was by means of an oil cup screwed 
onto the strap. There was no center 
oiler, and as the engine drove by means 
of a jack-shaft a number of arc-light and 
incandescent machines and was in con- 
tinuous operation from twelve to eighteen 
hours out of the twenty-four, according 
to the time of year and the weather, I 
naturally felt somewhat alarmed as to 
the possibility of the cup running empty 
and the pin getting hot, and asked if it 
was customary to shut down once in a 
while to fill the cup. But on being as- 
by the superintendent that they 
never had any trouble with it on that 
score, I started up in the afternoon for 
the night’s run; but the fact that the con- 
tinuous operation of the engine and the 
dynamos with their i:undreds of lights de- 
pended on that little cup with its few 
ounces of oil made me so cautious and 
watchful that I gave the crank-pin very 
attention, fecling of it every few 
minutes. 

In the morning, after shutting down the 
engine, I was greatly surprised to find 
that instead of the cup being empty it 
was still nearly full; in fact, not more 
than a spoonful of sc had been used, and 


sured 


ck se 
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at no time during the run was the tem- 
perature of the pin above that of the 
room. As I became more used to it I 

t the cup run a whcle week before filling, 
ind even during hot weather or long 
lights in the winter, we found that the 
up was never more than one-half empty 
fter a full week’s run. 

The construction of the oil cup as I 
remember it (this was 20 years ago) is 
shown in the accompanying sketch: A 
glass body resting in a brass case with an 
iron rod or pin about % inch in diameter, 
the lower end of which rested on the sur- 

ce of the crank-pin. This rod was in- 

le of a tube that was about 1/16 inch 
in diameter than the rod. The 
action of the crank in revolving caused 
the rod to rise and fall slightly, thereby 


larger 
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mately 714 pounds, or 120 ounces. The 
oil, as I remember it, cost us 50 cents 
per gallon. At the rate of 8 ounces a 


month, a gallon, or 56 cents’ worth, would 
last 


I5 months, costing 31/3 cents per 
month. Now an ordinary cylinder stock 
or engine oil would have answered just 


as well at a cost of about 15 or 20 cents 
a gallon, and by means of the regulating 
any more 
used, in which case the cost would have 


screw not would have been 


been about 1% cents per month. 
WittiAm M. Davis. 
Boston, Mass. 





A Simple Problem in Mechanics 


In the first i. 
Manning’s problem, on page 832 of the 
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OIL CUP AS MR. 


causing the oil which had been splashed 
against its upper end through openings in 
the case or tube to feed slowly but con- 
iuously down the rod to the crank-pin 
surface. The amount of lift was regu- 
lated by means of a small screw, as shown 


in the sketch. 
he recollection of this cup and my ex- 
perience with it induced me to figure out 


it must have cost to lubricate this 
nk-pin. Here are the figures: The 
did not hold more than 4 ounces of 
and, as I have stated, it never 
than half empty after a week’s run. 
will assume that it used 2 
oil a week, or 8 cunces a month. A 
ilon of cylinder-oil of gravity 
Saumé) weighs 7.53 pounds, or approxi- 


was 


ounces 


25 


7°39 
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100 pounds, and also that the tree has to 


resist the same pull. If, now, we substi- 
tute another man for the tree he will have 
to pull the same amount the tree did. In 
other words, he will have to exert a pull 
of 100 pounds. not, he will 
be drawn toward man No. 1. Now, if he 
is only pulling what the tree resisted (100 
pounds) the strain on the rope is the same 


If he does 


as before. The two pistons represent the 
two men and the spring scale and connec 
tions represent the rope. 

In the second arrangement the spring 
scale will also show 40 
pull. 


10 = 400 pounds 

If a block of wood is placed behind 
piston on the left and steam is ad 
mitted behind the piston on the right, the 
will pull of 400 
pounds, and the block of wood behind the 
piston on the left will have to resist this 
pull. Now if the block of 
moved and steam at a 


the 


spring scalk show a 


wood is re- 
of 40 
pounds per square inch is admitted in its 


pressure 


place, the pressure exerted by the steam 
can only be 400 pounds, or just the same 
as the block of wood had to resist; there- 
the force the piston 


toward the right, as it requires all of this 


fore, steam cannot 
force to hold it from being drawn toward 
the left. 

Lester A. Fitts. 
Shirley, Mass. 


In Mr. Manning’s left-hand sketch the 


spring scale will show 400 pounds. In 
the right-hand sketch there is no out 
let shown from between the pistons to 


The pistons are air-tight, 
If they are not 


the atmosphere. 
or they are not air-tight. 


air-tight the air will leak by them until 
the pressure between the pistons is 40 
pounds; consequently, the scale will show 
no pressure. 


If the pistons air-tight, as soon as 


they begin to move they will compress the 


are 


air between them; consequently, the spring 
scale will show considerably less than 400 
pounds. 

RicHArD J. FLINN. 
West Roxbury, Mass. 


In the first case, one piston will act as 
a head and the pressure exerted on the 


spring scale will be 10 X 40 = 400 pounds, 


May 26 number, each pisto aving 10 . Rae aie 

. ‘acl : , oy n having 1 neglecting friction In the other case, 
square inches area, w ste: ‘ 0 A 
— poo — _— e 4 the two pistons must balance each other ; 
pounds pressure per square inch, the 


spring scale will show a pull of 40 * 10 = 
400 pounds. 


stationary the steam would force the other 


piston out with a force of 400 pounds. 
This same force would also react against 
the stationary piston. When both pistons 
are movable the result is the same, as one 
of them simply head for 
steam to react on, or I might say to kick 
against, while pushing the other. 

This problem may be likened to the old 


forms a 


problem of hitching a rope to a tree and, 
placing a man on the free end, let him 
We can all 
a pull of 


exert a pull of 100 pounds 
see that the rope is stressed by 





Assuming that one piston is 


the J. e 


therefore, piston merely acts as a 


starting point 


one 
for the second piston to 
pull against. The pressure on this scale 
will be the the other one. In 
either case, the spring will have to be 


same as 
strong enough to stand a pull of the area 
of piston times the pressure in pounds per 
square inch. 

HAWKINS. 
Elyria, Ohio. 


The pressure on the scales in both cases 
is 40 pounds times 10 square inches equals 
400 pounds. Because one of the pistons 
in each of the cylinders acts the same as a 
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cylinder - head, there can only be 400 
pounds recorded on the scales, instead of 
800 pounds which would seem probable 
at a first glance at the problem. 
JamEs E. KILroy. 
Lincoln Place, Penn. 





I think the scales will both register the 
same, as follows: 

10° X< 0.7854 X 40 = 100 X 0.7854 X 
40 = 78.54 X 40 = 3141.60 pounds, 
neglecting any resistance. The use of the 
pulley as shown does not help in lever- 
age. 

I. Nonitt. 
Los Angeles, Cal. 





Cement and Concrete for Boiler 
Setting 





After reading Mr. Blakney’s article in 
the May 5 number of Power AND THE 
ENGINEER, it is evident that the North- 
west can give us, some clever wrinkles, 
but in going over the details of construc- 
tion the writer has noted some points in 
which there seems room for further im- 
provement. The method given for mak- 
ing the forms is too “rough and ready” to 
make a neat job, and the 2x4-inch up- 
rights, braces and top pieces will make up 
quite a lumber bill. Green yellow pine or 
spruce in the shape of matched boards 
planed on one side should be used against 
the wet concrete, for otherwise the dry 
wood will warp, swell and pull apart. In- 
stead of nailing pieces across the tops of 
the uprights to prevent bulging, would it 
not be better to bore two holes in each 
piece and loop a wire through, fastening 
the ends tightly? The form can then be 
drawn as close as desired and securely 
held by placing a large nail or piece of 
wood between the wire strands and 
twisting them together by turning, after- 
wards fastening it so the wire will remain 
taut. When removing the forms the wire 
may be cut at the side to facilitate the 
work. 

*Butting the fire-brick up against the 
concrete setting (see Fig. 2) provides no 
air space between to prevent radiation of 
heat, so that in time the concrete would 
inevitably crack. For this reason a 2- 
inch air space should be provided, as in 
Fig. 3. By laying two courses of fire- 
brick instead of one, with an arched set- 
ting to receive the boiler lugs at the de- 
sired hight, the boiler may be supported 
in the usual way, instead of suspended 
from the timber. 

In place of wooden forms, iron or steel 
plates of the proper hight may be used to 
advantage, these to be set up in sections, 
fitted together with tightly butting edges 
and with angle plates riveted on and 
bolted together at frequent intervals on 
the top, bottom and sides, as in Fig. 4. 
Allowance should be made on the inside 
plate for the brick bond shown every third 
or fourth course in Fig. 3. 
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Dome Reinforcementy 
FIG. 6 

The suggested reinforcement in the 
boiler arch of broken slag and furnace 
scrap and junk would tend to make the 
covering too uneven and wanting in uni- 
formity for a place requiring particular 
care. Re-inforcing these arches with %- 
inch iron rods, set not more than 4 inches 
apart and bent to conform to the curva- 


_<| Concrete 
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ture of the crown of the setting, would 
be better construction. The rods are fast- 
ened by screw-bolts through long, bent 
angles bolted into the top of the brick- 
work, as shown in Fig. 3. 
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To provide an air space and for con- 
venience of removing the insulating ma- 
terial, a form of wire mesh or netting is 
often laid under the concrete. Two 
typical wire reinforcements are shown at 

and B, Fig. 5, and the placing in cor- 
rect position is shown in Figs. 3 and 6. 
The mesh is stretched over the boiler and 
held about 34 inch above it on top of 
building paper, and the concrete is then 
placed over it. In Fig. 6 the wire mesh 
also includes the dome, and a small sleeve 
incloses the steam pipe entering the dome. 

In Fig. 7 is suggested a form of re- 
inforcement for the corners, consisting of 

%-inch rod set down about 2 inches 
from either outside face and having at 
intervals of 4 to 6 inches alternately %4- 
inch rods flattened spade-shape and pro- 
jecting parallel to either face. This rod 
is set in the corners of the mold and held 
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Water Level 





revolution for every two strokes of the 
pump. 

When finding the number of strokes per 
100 pounds of water the steam pressure 
should be varied at different times, as the 
slippage varies with the boiler pressure. 
The boiler pressure should always be put 
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down on the slate alongside of the num- 














ber of strokes. The whole mechanism 
in place by wires at top and bottom. A _ was inclosed in a cigar box mounted, as 
corrugated iron bar could be substituted shown in Fig. 2. ae ; 
by setting it nearer the outside faces. ; . O. RICHARDS. 
F. W. Martin. Framingham, Mass. 
New York, N. Y. Groote "4 ‘deep 
Nee: teen ; e Engineering Information as the 
° H : ser on O 
bie lo N 2 Public Gets It 
A Method of Finding Water Se RNR Fo 
Evaporation ees EW I wish to add two “gems” of engineer- 
; pose ing items, copied from a California daily, 
piewces +—, to Mr. Barrington’s article on page 827 of 
The accompanying sketches illustrate a when ois the “ | Power. In one of these the reporter, in 
rough method of finding the water evap- Pom Srre, NL “ describing a steamship accident, writes: 


oration. In Fig. 1 4 is an old oil tank, 
B is the pump suction, E is a water pipe 
under town pressure. I carefully marked 
the glass of the tank, so that the distance 
between the higher and lower oil-level 
marks is equal to 100 pounds of water. 
After filling the tank by means of the pipe 
E the valve C is closed and the valve D 
opened. The pump is started, and when 
the water comes to the level of the upper 
mark, the number of strokes it makes to 
pump the water to lower mark is carefully 
noted, and jotted down on a slate along- 
side of the pump. 

It now only becomes necessary to know 
how many strokes the pump makes during 
the day’s run. To count these I took an 
ordinary revolution counter and made a 
tight-fitting collar to go over the spindle 
I, and to which was fastened the spoke G, 
as shown in Fig. 2. A 7%-inch cast-iron 
plate H was found and a small parallelo- 
gram chiseled’ in the middle of it, as 
shown.in Figs. 2 and 3, the grooves 
being about % inch in depth. A 7/16-inch 
rol K was fastened to the rocker-arm 
(Davidson pump) and a piece of ™%4-inch 
pipe L made a loose fit over it. A washer 

‘, a light spring N, and the fastening of 

e pins O to L (O being made to loosely 

the grooves) completed the job. The 

n is kept central when at the end of its 
stroke by gravity and the spring N. Thus 
‘ is sure to strike the right and left sides 

the parallelogram, and, of course, 
iuses the spoke G and consequently the 
indle of the counter to make a complete 
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Cover removed. 
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“The gigantic belt having slipped off the 
boiler, the engine became unmanageable 


———— and blew the relief valve off the cylinder- 


The first assistant went down into 
the bilges to repair it, and owing to the 
intense heat it was necessary to play a 
hose on him to save his life.” The en- 
who gave out that report must 
have enjoyed himself, although it appears 


head. 


gineer 





FIG. 3 
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impossible to believe anyone could be so 
ignorant of engineering as not to realize 
he was being filled with “hot air.” 
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of Travel 
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with Case removed 


2 















Kecker Arm 


Supporte 
ot Pump 


FIG. 2 








64 


Another paper described the location of 
a break in a submarine cable as follows: 

“Enormous dynamos capable of manu- 
facturing many millions of ohms are at- 
tached to each end of the faulty cable. 
These dynamos pump ohms into the cable 
until the meters show that the cable will 
hold no more. The fault is then found by 
comparing the number of ohms each half 
of the cable contains. If the two amounts 
are the same the break is in the middle 
of the cable, but if one is twice the other, 
the break is two thirds of the 
way from the end where most ohms were 
pumped in.” 

It is easy to see that the information 
given to the reporter was O. K., but dis- 
aster occurred when he tried to put it in 
his own language. 


located 


R. H. FENKHAUSEN. 
San Francisco, Cal. 





A Simple and Effective Oil Filter 


A few years ago a small lighting plant 
was installed where the writer was em- 
ployed. Two old boilers, set for heating 
purposes, were arranged to use with high 
pressure. When the engine was installed 
the exhaust was put through a 3-inch coil. 
This coil of pipe was supposed to take 
the oil out and deliver only steam into 
the heating system, where it went, oil and 
all. All went nicely for a few months, 
and then the boiler we were using began 
to buckle. Then we noticed that the rivets 
leaked over the fire at the first lap and we 
did not fire up to high again 
with that boiler, but used it for heating. 
We had changed off, so both boilers were 
buckled some. 

\ll at once the front manhole began to 
leak in the boiler we were using, and the 
leak could not be stopped. We found that 
the front head had been sprung out of 
shape by the buckling of the sheet over 
the fire. A pressure tank for water was 
needed, so we pulled the boiler out and 
replaced it with a new one. By the time 
we got the old boiler out where it could be 
examined the results of the oil in the 
feed-water were very plain. The old 
boiler makes a good water tank, but it 
was a big job to get the water and air to 
remain on the inside. 

To prevent oil from getting into the 
new boiler, we purchased a standard oil 
separator and put the coil into a cement 
tank. The steam, after passing through 
the oil separator, passes through the coil 
in the cement tank, and then to heating 
system. 


pressure 


The condensed water is returned 
by gravity and is fed into tank by a float 
valve. The water is allowed to run from 
the float valve into a tile, one end filled 
with excelsior and brickbats. This is a 
safeguard to insure no oil in feed-wate-. 
The oil separator is guaranteed to remove 
enough to render the condensation fit for 
boiler purposes, but in case these state- 


ments might be a little “strong,” we use 
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this filter. 
the coil in 
the boiler. 
oil since. 


The water is well heated by 
the tank and then pumped to 
We have had no trouble with 


W. J. WHITCOMB. 
Monroe, Wis. 





Worn Crank Pins 


the 
seemingly 
mysterious nature and others easily under- 
stood at first The illustration 
shows two crank-pins which were badly 
worn before new ones were substituted. 
The larger was taken from a side-crank 
I2-ton ice machine. 

The engineer who took the plant to 
operate after a strike, found the clearance 
on one end to be 3/16 inch, while that on 
This 
gave the compressed gas a chance to ex- 
pand and the constant pressure against 
the piston prevented the crank-pin from 
being properly lubricated. 


One peculiar happenings in 
engineering field, some of a 


sees 


glance. 


the other end was considerably less. 


Another cause 

















WORN CRANK PINS 


for the wearing of the pin was undoubt- 
edly due to the poor grade of steel used 
in its construction. 
was 234 inches in diameter, and it was 
worn down to 2% inches, the wear being 
all on one side. 

The smaller pin was taken from the 
The 
engineer attributed the wearing of this pin 
to faulty valve setting, one end of the 
valve having excessive lead, while the 
other end had none. The result was that 
most of the work was done on one end of 
the cylinder, which caused the greatest 
pressure to bear on the pin at the same 
point at each revolution. The pin also 
shows that the quality of steel used in its 


crank of a 25-horse-power engine. 


construction was more fit for shafting 
than for crank-pin use. This pin had an 
original diameter of 2 inches and was 


worn down to a diameter of 15@ inches. 

With wear, it was, of 
course, impossible to operate the engine 
without considerable knocking. On one 
occasion the engineer was forced to re- 
babbitt the brasses, and as there was no 


this excessive 


Originally this pin , 





July 14, 1908. 


proper mandrel at hand, an ordinary piece 
of steam pipe about the size of the pin was 
screwed into an old-fashioned set of 
thread dies, and the brasses centered 
around the piece of pipe. The babbitt was 
then poured, scraped and the brasses put 
in place. This makeshift lasted until a 
new crank-pin was put in and new brasses 
obtained. 
M. EASTMAN. 
Cleveland, Ohio. 





Finding Steam 


When you are an employee of a large 
concern manufacturing the latest and best 
kind of power and electric apparatus, you 
come to consider, that because of its rank 
im size and importance, everything con- 
cerning it is par excellence; that, since it 
is a leader and growing and progressing 
rapidly, the manufacturing efficiency is as 
near to the 100 per cent. mark as possible. 

Such was the state of my mind until, 
perchance, I came in close contact with 
actual conditions affecting our “coal pile,” 
which have shown the rankest negligence 
and disregard of ordinary common-sense 
usage in steam fitting and _ piping. 
Twenty-five hundred dollars ($2500) per 
month has been saved in this coal pile 
feeding our g000-horse-power equipment. 

While investigating the cause of coal 
extravagance I ran up against an interest- 
ing condition. The power house proper 
receiving the undivided attention of an 
expert, I turned my attention to the shop 
uses. The first few days I endeavored to 
become familiar with the various pipe 
lines feeding the different portions of the 
shop. I nosed around trying to ascertain 
the best method of procedure in finding 
and measuring the uses and abuses, until, 
by accident, I had it forced upon me. 

I was standing outside of a building in 
which six steam hammers were working, 
and in which a line led to several heaters 
about the building. I noticed a cloud of 
steam coming from a gutter and giving 
me the clue that evidently a great deal of 
steam must be pouring out into the sewer 
near the place where this gutter entered. 
Following it up, I found a manhole and 
upon removing the cover-plate a cloud of 
steam rushed out and I heard down in 
the hole the blow and sputter of a steam 
pipe discharging into water. The steam 
blinding me, I went inside the building 
and tried to find the spot where I could 
cut it off, but all the valves were leaking, 
so I called upon the foreman of the pipe 
fitters. He and two or three of his men 
uncovered a hole next to the manhole and 
showed up a steam trap. 

“This is slightly out of adjustment, and 
er-blowin steam a little,” he said, as he 
turned off the valve on the inlet to the 
trap and stopped the cloud of steam that 
was enveloping us. 

“Yes,” I answered, “quite a LITTLE.” 

He tinkered and adjusted the trap and 
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explained to me that it was used to drain 
the heaters in the building. His work on 
the trap being of no avail, I suggested 
looking at the valves. (Luckily the con- 
struction of the trap was such that it 
could be easily got at—a feature that it 
is well to note in buying traps, for a great 
deal of work is occasioned by having to 
disconnect the trap entirely from the line 
in order to look at or adjust the valves.) 
As I expected, they were worn and were 
drawn all out of semblance, causing the 
trap to blow steam straight through and, 
of course, occasioning a great loss of 
steam, as 165 pounds pressure was back 
of this source of loss. 

We had a new seat and valve-stem put 
in and everything was again O. K. I 
laughed up my sleeve as the lead-pipe 
fitter explained to us how “bad this water 
is on valves,” and that it hadn’t “been a 
month since a new stem was put in there,” 
and “his trap man was inspecting that 
trap last week, and it was all right then.” 

After putting the pipe fitter through a 
series of questions I found that there 
were some seventy-five or more traps in 
the place and here concluded that by go- 
ing to each of these traps, measuring the 
discharge and noting, at the same time, 
the condition and service of the appar- 
atus it drained, I could get a very good 
line on the uses and one that was quite 
accurate. But traps are “trappy” and 
there were more discoveries ahead for 
me, which I may tell about later. 

WILLIAM LONGSTREET. 

Wilkinsburg, Penn. 





What Caused the Lamps to Flicker 





To the inquirer who had an article in 
the April 21 number on “What Causes 
the Lamps to Flicker?” I would suggest 

» that he look carefully to his driving belt. 
Alternating - current generators require 
special belts, on account of the great velo- 
city at which they run. They should be 
endless, with absolutely no abrasions or 
rough places whatever, and be kept soft 
and pliable. "Unevenness in texture and 
thickness, also excessive friction due to 
too great adhesive qualities of the belt, 
will cause flickering of the lamps. A 
leather-covered pulley should never be 
used on alternating-current machinery, as 
it produces too much resistance. Rather 
use a plain, polished-iron one. 

A “short” in one pair of poles in an 
alternator will also produce flickering 
lamps by reducing the number of com- 
plete alternations per second; also, the 
Presence of static electricity will do the 
same thing, and if this latter is not looked 
alter and removed in time it may destroy 

ie machine; but from the article in ques- 

tion I am not inclined to think that either 
the two last-mentioned causes is 
troubling the writer. 
J. L. BrapsHaw. 
Memphis, Tenn. 
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Solution of “A Wiring Problem” 





Referring to Mr. Harrison’s problem in 
signal circuits, published on page 791 of 
the May 19 number, I would say that the 
results he desires cannot be obtained in 
the way he indicates without using a 
rather complicated system of relays. The 
accompanying diagram shows one way of 
getting what he wants with simple ap- 
paratus, however. At each sub-station is 
located a 5-inch single-stroke bell B, and 
a key K which keeps the circuit normally 
closed to ground. At the central station 
are four circuit-closing annunciator drops 
DDDD, a 5-inch vibrating bell V and 
the 1o-volt battery. The battery keeps 
all the drops closed as long as the circuits 
are intact. If the key K at any sub- 
station be depressed, that circuit will be 


al 
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An Appeal Examination 





Having been asked for correct answers 
to the eight questions on page 745 of the 
May 12 number, I take this method of 
replying. 

1. “If you attached a steam gage to the 
steam-chest of a slide-valve engine and a 
gage to the steam-chest of a Corliss en- 
gine, what pressure would each register? 
Steam pressure on the boiler 120 pounds, 
no ‘drop’ of pressure in the piping.” 

On the steam-chest of a slide-valve en- 
gine the gage would show the pressure 
necessary to keep the engine up to speed. 
On the steam-chest of a Corliss engine 
boiler pressure would be registered. 

2. “How many positions is a Corliss 
governor capable of assuming?” 

Any number; the critical positions are 





























opened and the drop corresponding to that 
station will fall, connecting the station to 
the bell V. As soon as the key is released, 
closing the circuit again, the bell V will 
ring, and its vibrator will also cause the 
single-stroke bell B to ring. This will 
continue until the drop at the central sta- 
tion is restored to its closed position. As 
all of the circuits are in parallel with 
each other, the operation of one of them 
will not affect the other three. 

The resistances of all four circuits 
should be equal in order to equalize the 
current flow in them. This can be accom- 
plished by inserting dead resistances in the 
shorter lines, preferably between the 


annunciator drops and the outgoing wires 
at the central station. 
Georce W. MAtcotm. 
Brooklyn, N. Y. 





MR. MALCOLM’S SOLUTION OF 
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“A WIRING PROBLEM” 





the highest position, on the stop and be- 
low the stop. 

3. “What could cause a 
to show three gages of water when the 
gage-cocks showed only two, the valves 
being open and the openings ample in 
size and clear?” 

Leakage of steam from the upper gasket 
or anything that would tend to reduce the 
pressure in the upper part of the glass or 
its connections to the boiler. 

4. “Why do the makers of pumps hav- 
ing both valve-decks above the cylinder, 
make the space between ‘decks’ so shal- 
low as to inconvenience a repairman when 
replacing a suction valve?” 

To reduce the clearance and to make 
the cylinder as compact as possible. 

5. “What part of a ‘B. & W.’ boiler 
gives out first?” 


water-glass 
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Usually the mud-drum nipples or the 
tubes. 

Longitudinal seam of the steam drum. 

7. “Figure the safe working pressure 
horizontal return-tubular boiler 72 
inches in diameter, “%4-inch sheets, 60,000 
pounds ‘T. S.,’ and triple-riveted, double- 
butt strap joints. Assume the pitch of 
rivets, etc.” 


of a 


Diameter of the rivet hole, twice the 
thickness of the sheet; pitch, three times 
the diameter of the rivet hole; pitch of 
outer row, twice this. 
Joint efficiency 
pitch diameter of rivet hole 

piteh ; 
Bursting pressure 
thickness X tensile strength X joint efficiency. 

radius 
Safe working pressure 
thickness * tensile strength 

radius * factor of safety 


Substituting : 


Joint efficiency = 


6—1 
—.— = 0.833. 
6 
Bursting pressure 
05 & 60,000 « 0.83 ‘ 
ee ae 691.66 pounds. 


Safe working pressure 
5 < 60,000 < 0.83 
— 36 <4 - 172.9 pounds 
S. “Find the safe working pressure of 
the same boiler without tubes or stays.” 
The bursting pressure of flat unstayed 
cylinder-heads = 


thickness X tensile strength 
area & 0.09 
The safe working pressure of a 72-inch 
flat head 5¢ inch thick — 
0.625 >< 60,000 
4071.50 X 0.09 X 5 








= 20.48 pounds. 


JosEpH KING. 
Boston, Mass. 





Cylinder Lubrication 


In the June 2 number, page 867, are 
several replies to John L. Sheldon’s re- 
quest I will give my 
engine which was 
built from my design and drawings (the 


lubrication. 
with 


about 
experience an 
size is of no consequence, as that is noth- 
ing to the point) and it ran with wet 
steam, for 16 years, without applying one 
drop of oil while the engine was in motion. 
The cylinder and valve were, at first, ex- 
amined every Sunday; but as the cylin 
der, piston, port and valve faces became 
more like burnished silver, as time passed, 
examined 


we them when we got time. 
the results varied not a tenth of 1 per 
cent. The valves were scraped, not 


“emeried.” So I agree with Mr. Sawford 
that it is best to use as little oil as pos- 
sible. In our machine there was not one 
oil hole or cup, so it was not possible for 
any oil to accumulate. In 


his seventh 


POWER AND THE ENGINEER. 


paragraph he agrees with Mr. Strohm. I 
do not object; but the engine of which | 
have written was a horizontal engine. 
Now for the My protégé, the 
engineer, died and was buried. Another, 
whom I knew not, took his place. Horri 
fied at finding not even one oil hole, he 


finale ! 


drilled several, put on all the contraptions 
in use at that date (1857-73) and in two 
years the engine adorned a_scrap-heap, 
being an oil-grooved wreck. 

The oil of those days contained acid, 
in various proportions, which accounted 
for the termination. 

PETER VAN Brock. 


Jefferson, Ta. 





Three Interesting Cards 


I submit the accompanying cards for 
criticism by readers of Power AND THE 
ENGINEER. They were taken from a West- 


SS 
















220 R.P.M. 
18 and 30 x 16. 
60 Spring. 
145 Lbs. Stcam. 


a 


FIG. 2 




















automatic 


inghouse compound = engine. 
about one-third 
with normal load, and 
Fig. 3 with about 50 per cent. overload. 
The engine is direct-connected to a direct- 
current generator on railway work. 
Cuarres E. Nicu. 
Morgantown, W. Va. 


Fig. 1 was taken with 


normal load, Fig. 2 
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Varying Hight of Diagrams 


How can one tell the head end from 
the crank end of an indicator diagram? 
When I stepped into the engine room of 
a friend of mine recently, I told him that 
if he would produce some diagrams I 
would tell him which was the crank end 
and which the head end, which I did. 
There are plenty of engineers to whom 
this subject is new, and it may seem 
strange to some, who have not had the 
opportunity to measure and compare the 
hight of both ends, up to cut-off, of dif- 
ferent indicator diagrams taken under en- 
tirely different conditions and from en- 
gines with entirely different valve-gears. 
It is a fact that with engines with direct 
motion, the eccentric does 
the crank but leads it, the 
crank end will measure the higher; while 
with indirect 


valve where 


not follow 
valve-gears, as of piston 
valves taking steam in the center and ex- 
hausting over the ends, the eccentric fol- 
lows the crank, or if passing a reversing 
rocker, it leads the crank. With the Greene 
engine, the eccentric follows the crank and 
moves the sliding bar in the direction op- 
posite to that in which the piston moves 
when taking steam, making it practically 
indirect, though not possessing a rocker 
arm. illustration, I have indicator 
diagrams taken from the old Brown, new 
Brown, Rollins-Putnam, Atlas and Ball & 
Wood engines and four different makes of 
Corliss engine from. three to fifty years 


For 


old, running at from 50 to 250 revolutions, 
including, also, a G. H. Corliss with 
quick-opening valve-gear, the crab-claw, 
the original Corliss and Nightingale, the 
Filer & Stowell ard the Harris releasing 
gear. 

The question arises, why the difference 
in the hight of the two ends? The first 
reason is that the angularity of the con 
necting-rod is the the 
moving slower on leaving and approaching 
the crank end and making it travel faster 
on leaving and approaching the head end 
the 
favors the higher pressure,, as it surely 


cause of piston 


This slow movement on crank end 
takes time to attain boiler pressure. Then 
there is the area of the piston-rod, which 
takes up so much space, making less spac 
to fill and giving more time to fill it, be 
cause of the slow movement of the piston 
the 


eccentric is nothing less than a crank and 


Then we have eccentric-rod; an 
is subject to distortional movements th« 
same as the connecting-rod, only in a less 
degree. The movement of the eccentri 
rod causes the vaive to move very ir 
regularly as the crank the 
Thus it will be seen that when the head 
end is taking steam, the valve is movin 


does pistol 


slowly, and on the other end the condi 
tions are the reverse. When the piston i 
starting on the crank end, the eccentri 
its head with 
rapidity, which is another reason for get 
ting so high an initial the 
crank end, because when the piston moves 


is moving on end great 


pressure in 




















er ree 
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fastest, the valves move slowest, and when 


the piston moves slowest the valves move 


fastest. 

There are ways in which this irregu- 
irity can be improved, one of which is 

) put a rocker-arm in between the valve 
ind eccentric, thus reversing the condi- 
tions—a fast-moving valve when the pis- 
ton moves fast, and a slow-moving valve 
when the piston moves slow. 

If you are not fortunate enough to own 
an indicator, borrow some diagrams from 
your friends and send to some indicator 
manufacturer and get a sample of his 
which are true to the different 

They are made of paper and 
usually sent gratis as samples; they are 
quite useful in measuring the hight, in 
pounds, of diagrams when figured by ordi- 
nates. It is essential that the valve-gear 
be as nearly correct as possible and that 
the indicator pencil have a needle point so 
that a fine line can be had, thus insuring 
accuracy. 


scales, 


springs. 


It is a very common thing to 
find diagrams made with a blunt pencil, 
and if a 60-pound spring is used, which 
means 60 marks to the inch on the scale, 
it will be readily seen how a -~wide pencil 
mark will take up more than one mark 
on the scale, making it necessary to aver- 
age it. Measuring from the atmospheric 
line to the highest part of the card and at 
each end, and comparing the hights, there 
will be found from 1 to 5 pounds higher 
pressure on the crank end. 

A. C. WALpRON. 


Lynn, Mass. 





Smoke Stack Troubles 


Kngineers in 
plants 


charge of small power 
giving the “kid” 
credit for knowing anything pertaining to 
the operation of the plant. As a rule the 
smaller the plant the less is the boy sup- 
posed to know. The boy’s duties are not 
very clearly mapped out, but he is ex- 
pected to say nothing and work. 


seldom enjoy 


He is 
supposed to run errands, wipe the ma- 
chines and properly attend to all the du- 
ties ascribed to a “roustabout.” 
ally, however, things come to the notice 
of the “kid,” which escape the eye of the 
chief, but when such observation is made 
known it is usually not very graciously 
received. 


Occasion- 


This is borne out by an experi- 
ence in which the writer was the “kid.” 
lhe plant in question was similar to 
ting plants usually found in towns and 
Villages of about 2000 inhabitants. It was 
mall capacity, having one 9go-horse- 
center-crank 
generators. Steam was 
furnished by two 100-horse-power return- 
bular boilers, which were connected at 
tack end by an inverted Y breeching, 
on top of which was an iron stack 30 
inches in diameter and 80 feet high. The 
had been in use about five years and 
| apparently been well cared for. 
‘ne morning when going to work, the 


power high-speed engine, 


belted to two 


POWER AND THE ENGINEER. 


writer noticed a small curl of smoke steal- 
ing its way out just beneath the guy-wire 
fastening on the west side of the stack. 
Nothing was said at first, but after watch- 
ing the leak closely for three or four days 
the matter was called to the attention of 
the chief. He treated the matter lightly, 
merely grunting at my apparent meddling, 
so the incident was dropped. Two months 
went by before anything developed, when 
a high west wind tore out a small flap of 
steel which remained hinged on one side 
like a door, the guy fastening being near 
the free edge. From the ground it looked 
as though the wire might be pulled loose 
at any time. This time the trouble was re- 
ported direct to the manager, who was 
indignant, of course, to think things had 
been allowed to go so long without proper 
inspection, and a hurried visit to the plant 
was productive of “blue atmosphere.” 

No one could be found brave enough to 
ascend the stack and fix the fastening. It 


20"x 36” 


67 


flames darted from the ash-pit doors. It 
was some time before anyone could get 
near the fire doors, but finally some ashes 
were obtained and spread over the fires. 

The entire Sunday following was spent 
in setting up 40 feet of the old stack, as 
this was all that was not destroyed. The 
plant ran this way for four months, and 
a brick stack was put up as soon as spring 
opened. 

CHARLES R. Moore. 
Lafayette, Ind. 





Wants the Diagrams Criticized 


The accompanying indicator diagrams 
were taken from a William Wright en- 
gine. I would like to have the readers 
criticize them and tell me how I can im- 
prove them. 

G. H. Lee. 
Jacksonville, Ill. 





85 R.P.M. 


50 Scale 


89 Lbs. Steam 


DIAGRAMS FROM 


was finally planned to throw a long wire 
over the other three guy wires, and pull it 
gradually to the top, thus forming a tem 
porary guy until one more permanent 
could be substituted. Before this was done, 
however, stormy weather set in and things 
looked bad for the stack. 
now accompanied by rain which continued 


for three days. 


The wind was 


The tearing out of the 
fastening occurred Thursday morning and 
the following Saturday night brought its 
(opera house), but no 
weather. The 


usual peak load 


change in the engineer 
hardly knew whether to start the plant or 
not as the stack was liable to fall at any 
moment. 

The “third” was asked to stay until mid- 
night and help fire. The wind increased 
as darkness came on, and at about 7:30 
It fell 


directly across the plant and bounded to 


the stack came down with a crash. 


The Y breeching fell inward 
toward the coal pile, and 
probably landed on me had it not been for 
a joist running across the boiler room 


the ground. 


would have 


near the roof. This caught the breeching. 
1o-second man could 
not have beaten me out of that boiler- 
Near the engine I met the chief 
coming on the run, his face clearly show- 
ing that he was much frightened. The 


Needless to Say a 


room. 


boiler room filled with smoke, and long 


A 20x 36-INCH WRIGHT ENGINE 


Steam Cylinder and Valve 


Lubrication 


Daniel Chittenden’s idea, in the May 12 
number, on “Steam Cylinder and Valve 
Lubrication” is correct. I would further 
add_ that 
locomotive, or any other type, will run as 


no engine, marine, stationary, 


well without as with cylinder and valve 
lubrication. Several so-called tests have 
been made in recent years on marine en- 
gines, but all were futile in the extreme. 
Marine engineers are like the rest of us— 
they still have something to learn. 
Recently a boat 
near Memphis. In the investigation held 
cause of the fire 
responsibility, the  re- 


Government burned 


learn the 
and place the 


to try to 


port was given out by one of the engi- 
neers that “ammonia was the only com- 
bustible on board.” 

It was disgusting and no doubt surpris- 
ing to many to think that as great an em- 
ployer, and presumably so exacting a one, 
as the United States Government would 
hire an engineer so ignorant as to think 
that ammonia was a combustible com- 
pound. 

J. L. BrapsHaw. 

Memphis, Tenn. 








POWER AND THE ENGINEER. 


Economy Tests of High Speed Engines 


Conditions and Results of Tests to Determine Economy and Efficiency 


July 14, 1908. 


of Non-Condensing Reciprocating Steam Engines in Actual Operation 





BY F. W. DEAN AND A. C. WOOD 


Several months ago it became necessary 
to make tests of several different high- 
speed engines, direct-connected to electric 
generators, for the purpose of determin- 
ing the quantity of steam used per indi- 
cated horse-power per hour per kilowatt- 
hour, and to determine some other char- 
acteristics. The engines were taken as 
they were found, in order to ascertain 
their economy after having been run for 
some timie, and as nearly as could be 
determined, the number of hours that they 
have been in actual running service is 
stated. It was not desired to do anything 
to improve the economy, or to remove any 
defects, except to equalize the work done 
at both ends of the cylinders, if they 
should prove to be unequal, by adjusting 
the lengths of the valve stems. The diam- 
eters of the cylinders and piston-rods, 
and the lengths of the strokes were meas- 
ured. 


THe ENGInes TESTED 


The engines tested were of the types 
and sizes stated below, those numbered 1, 
2, 3, 4, and 5 having been tested by Mr. 
Dean, and those designated by A, B and 
C by Mr. Wood: 

I. 15 in. by 14 in.; 240 r.p.m.; horizontal 
single flat-valve engine with a 100- 
kw. d.c. generator on the shaft. 

2. 16 in. by I5 in.; 240 r.p.m.; vertical 
single flat-valve engine with two 
50-kw. d.c. generators on the shaft. 

3. 14 in. by 12 in.; 300 r.p.m.; horizontal 
single flat-valve engine w-th two 
4o-kw. d.c. generators on the shaft. 

4. 16 in. by 14 in.; 270 r.p.m.; horizontal 
engine with four flat valves, and 
having a 125-kw. a.c. generator on 
the shaft. 

5. 12 in. and 19 in. by 14 in; 230 r.p.m.; 
vertical cross-compound condensing 
piston-valve engine with a 100-kw. 
d.c. generator on the shaft. 

A. 18 in. by 18 in.; 220 r.p.m.; horizontal 
single piston-valve engine with a 
150-kw. d.c. generator on the shaft. 

B. 15 in. by 16 in.; 250 r.p.m; horizontal 
single piston-valve engine with a 
100-kw. d.c. generator on the shaft. 

C. 12 in. by 18 in.; 190 r.p.m.; horizontal 
engine with two flat inlet valves and 
two Corliss exhaust valves, and 
having a 75-kw. d.c. generator on 
the shaft. 





*Abstract of a peoee read at the Detroit 
meeting of the American Society of Me- 


chanical Engineers, June 23 to 26, 1908. 


These units are of types and makes 
frequently used in isolated plants in of- 
fice buildings and elsewhere, and the re- 
sults of the tests should give a very fair 
idea of the economy to be expected from 
such engines after they have been in use 
for some time. 




















SHOWING VALVE CHEST OF EN- 
GINE NO. I 


The engines were supplied by steam 
from isolated boilers, except where the 
steam used was condensed. In the tests 
made on Nos. 1 to 5, the water was 


Wood were finished, leakage tests were 
made of the boilers and steam piping, but 
this was not done by Mr. Dean. 

In order to avoid as far as possible 
inaccuracies due to differences in apparent 
quantity of water in boilers, due to any 
cause, the weights of water were plotted 
to see whether the resultant points were 
on a straight line or nearly so. In every 
case the results were satisfactory. 

The quality of the steam was deter- 
mined in every case, but no correction 
for this was made by Mr. Dean because 
in his opinion the results would scarcely 
have been more accurate thereby. but Mr 
Wood applied corrections for entrain- 
ment. 

Indicator springs were tested and cor- 
rections were made when necessary. 

Electrical instruments used in all tests 
were carefully calibrated by comparison 
with standards. 

Indicator diagrams and 
taken at frequent intervals. 

The loads were maintained by water 
rheostats, except in the case of engine 
No. 1, where a steady lighting load was 
carried. 


speeds were 


Tests oF ENGINE No. I 
This is a simple horizontal non-condens- 


RESULTS OF TESTS OF ENGINE NO. 1. 


1. Test No 4 5 6 

2. Date 1907 Aug. 7 Aug. 8 Aug. § 
3. Previous length of service 1 5216 hours 

4. Size of cylinder 15 in. x 14 in. 

5. Diameter piston rod y 2% in. 

6. Generator Ft. Wayne d.c. 6-pole 

7. Generator rating 100 kw.—220 volts—400 amp. 
8. Duration of tests 2 he. 24 hr. 3 br. 
9. Approximate load 4 5 2 
10. Superheat of steam 7 deg. F 14 deg. F. 12 deg. F 
11. Average steam pressure 83.0 lb 83 lb. 81.5 lb. 
12. Average revolutions per minute 242.9 240.8 240.3 
13. Average temperature of steam 333 deg 339 deg. 337 deg 
14. Average temperature of room 98 deg 101 deg. 102 deg 
15. Average temperature of atmosphere 92 deg. 100 deg, 99 deg. 
16. Average barometer 14.69 in 14.69 in. 14.69 in 
17. Indicator spring, pound 60 60 60 
18. Indicated horse-power 92.60 89.75 106.00 
19. Indicated friction horse-power' 4.22 
20. Indicated friction horse-power per cent. 3.98 
21. Indicated horse-power to atmosphere 107.5 105.3 123.3 
22. Average back pressure 4.3 lb. 5.5 lb. 4.6 lb 
23. Average cut off, per cent. 30.7 31.0 38.5 
24. Average amperes 250.6 246.8 295.7 
25. Average volts 222.5 222.2 221.2 
26. Average kilowatts 55.8 54.8 65 4 
27. Average kilowatts to atmosphere 66.4 65.0 76.4 
28. Efficiency e.h.p. to i.h.p., per cent 82.3 82.3 82.7 
29. Total water consumed, pound 8280 9771 13,384 
30. Water consumed per hour, pound 4140 3916 4461 
31. Water per i.h.p. per hour, observed pound 44.7 43.6 42.1 
32. Water per i.h.p. per hour, to atmos., pound 38.5 37 .2 36.2 
33. Water per kilowatt per hour, observed pound 74.2 71.5 68.2 
34. Water per kilowatt per hour, to atmos. pound 62.3 60.2 58.4 


1Generator unexcited. 


weighed on platform scales, and in the 
others it was measured in calibrated 
tanks. Water levels in boilers were 
maintained at as near a constant level as 
practicable. After the tests made by Mr. 





ing balanced slide-valve engine, running 
at 240 revolutions per minute, and direct- 
connected to a Fort Wayne electric gen- 
erator, working at approximately 220 
volts. The engine is used for power and 
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lighting and the load was sufficiently 
steady for test purposes. 


As far as economy is concerned the 


most interesting feature is the slide valve. 


This is a long rectangular valve, the cen- 
er being cut out, and ports cast through 
ich end of the valve. The valve runs on 
dge and between the valve seat proper 
nd a heavy balance plate held in place 


by steam pressure and by a heavy flat 
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FIG. 2. SHOWING VALVE CHEST OF 
ENGINE NO. 2 


spring. It is prevented from pinching the 
valve by strips of cast iron slightly 
thicker and longer than the valve, one 
being above and the other below the 
valve. In the balance plate there are de- 
pressions directly opposite the steam and 
exhaust ports, and of the same shapes 
and dimensions of those ports. Thus the 
valve is subjected to the same pressure 
conditions on one side as on the other, 
and is, therefore, perfectly balanced. It 
is also double ported on both steam and 
exhaust. 

It will be seen that in order to render 
this valve tight the workmanship on the 
valve seat, valve, balance plate and dis- 
tance strips must be of exquisite quality. 
If the valve should wear slightly it would 
leak and grow worse with ‘further wear, 
for there is no means of this wear being 
taken up automatically as it proceeds. By 
scraping the distance strips the balance 


plate can be brought close to the valve 
‘in and the original condition of tight- 
s restored. 


\s valves of this kind are perfectly bal- 

ed it is not expected that there will 

much, if any, wear, but to what extent 
is true I am unable to say beyond 
‘ may be indicated by the results of 
> tests. 


he governor is of the fly-wheel type. 


POWER AND THE ENGINEER. 


The eccentric is moved in one direction 
by a weight subjected to centrifugal force, 
and in the other by a flat leaf spring con- 
nected to the weight by a flat steel band. 

The feed-water was weighed in a barrel 
resting on platform scales and emptied 
into a lower barrel, from which a specially 
instalied feed-pump drew it and forced it 
into one vertical fire-tube boiler. The feed- 
pipe was disconnected from other boilers. 


RESULTS OF TESTS 


69 


up as having no back pressure. As each 
diagram had some back pressure an aver- 
age diagram from each test (determined 
by selecting a diagram having a mean 
effective pressure equal to the average) 
was taken and an exhaust line of no back 
pressure was plotted upon it. In order to 
know just how to plot this line, and the 
release and compression curves, a number 
of diagrams with different back pressures 


OF ENGINEENO. 2. 


1. Test No. 7 8 

2. Date 1907 Aug. 17 Aug. 24 
3. Previous length of service 20,000_hours 

4. Size of cylinder 16 in. x 15 in. 

5. Diameter piston rod 24 in. 

6. Generators Two General Electric 
7. Generator rating Each 50 kw.-400 amp. 125 V. 
8. Duration of tests 3 hr. 34 hr. 
9. Approximate load Full 

10. Quality of steam 97.6 97.4 
11. Average steam pressure 75 lb. 75.6 lb. 
12. Average revolutions per minute 240.8 242.4 
13. Average temperature of room 96 deg 82 deg. 
14. Average temperature of atmosphere 81 deg 66 deg. 
15. Average barometer, inches 14.80 14.70 
16. Indicator spring 60 lb. 60 Ib. 
7. Indicated horse-power 153.1 101.3 
18. Indicated friction horse-power. '! 12.86 

19. Indicated friction horse-power, per cent. 8.39 
20. Indicated horse-power to atmospheric line 159.5 109.5 
21. Average back pressure 1.85 1.40 
22. Average cut off, per cent. 46.85 29.3 
23. Average kilowatt 91.2 55.3 
24. Average kilowatt to atmospheric line 95.8 61.0 
25. Efficiency e.h.p. to i.h.p., per cent. 80.0 74.2 
26. Total water consumed, pounds 17,154 14,093 
27. Water consumed per hour, pounds 5718 4027 
28. Water per i.h.p. per hour observed, pounds 37.3 39.7 
29. Water per i.h.p. per hour to atmosphere, pounds 35.8 36.7 
30. Water per kilowatt per hour observed, e~ 62.7 72.8 
31. Water per kilowatt per hour to atmosphere, pounds 59.7 66.0 


1Generator unexcited. 


The steam pipe from the boiler was 
equipped with two stop-valves, and a small 
bleeding pipe to the atmosphere was in- 
serted between them. On shutting both 
valves and opening the bleeding pipe no 
steam escaped, thus, fortunately, showing 


were taken from an engine (although of 
another make) having a stop-valve in the 
exhaust pipe. If the exhaust line was not 
quite correct it could not have been suffi- 
ciently erroneous to vitiate the results to 
any important extent. 

















FIG. 3. SHOWING VALVE CHEST OF ENGINE NO. 3 


both valves to be tight. A special pipe 
was run from a flanged nozzle on the 
boiler steam pipe to the engine, and there- 
from the regular steam pipe was discon- 
nected. 

As the boiler was of the vertical fire- 
tube type the steam was somewhat su- 
perheated at the engine. 

It was considered of importance that 
the indicator diagrams should be worked 


Tests oF ENGINE No, 2 

This is a vertical engine having a valve 
and governor which are of the types de- 
scribed for engine No. 1, and to which 
that description applies. 

It is direct-connected to two direct-cur- 
rent electric generators, the current of 
which is used for motors and for lighting. 
The work was too irregular for test pur- 
poses; therefore, a water rheostat for 





POWER AND THE ENGINEER. 


RESULTS OF TESTS OF ENGINE NO. 3. 
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1. Test No. 
2. Date . 
3. Previous length of service 
4. Size of cylinder 


9 10 
Aug. 31 Sept. 3 
28,644 hrs. 

14 in. x 12in. 

1} in. 


1907 


5. Diameter of piston rod 9 
6. Generators _ Two General Electric 
7. Generator rating Each 40 kw.-354 amp. 110 V. 
8. Duration of tests 3hr.2m. 3 hr. 
9. Approximate load Full 1 
10. Quality of steam 98.1 98.5 
11. Average steam pressure 90.8 91.1 
12. Average revolutions per minute 304.1 300.0 
13. Average temperature of room 95 deg. 98 deg. 
14. Average temperature of atmosphere 70 deg. 67 deg. 
15. Average barometer 14.70 in. 14.74 in. 
16. Indicator spring 60 lb. 60 Ib. 
17. Indicated horse-power 124.4 79.13 
18. Indicated friction horse-power! 4.34 
19. Indicated friction horse-power, per cent. 3.49 
20. Indicated horse-power to atmospheric line 146.0 93.23 
21. Average back pressure 8.20 3.85 
22. Average cut off, per cent. 45.3 25.1 
23. Average kilowatt observed 69.1 44.0 
24. Average kilowatt to atmospheric line 81.4 51.7 
25. Efficiency e.h.p. to i.h.p., per cent. 74.3 73.9 
26. Total water consumed, pounds 14,166 8856 
27. Water consumed per hour, pounds 4670 2952 
28. Water per i.h.p. per hour, observed, pounds , 37.5 37.3 
29. Water per i.h.p. per hour to atmosphere, pounds 32.0 31.7 
30. Water per kilowatt per hour observed, pounds 67.6 67.1 
31. Water per kilowatt per hour to atmosphere, pounds 57.4 57.1 


Generator unexcited. 


furnishing the load was made and the 
tests were carried on when the engine was 
not in regular service. 

The water for making 
weighed and pumped into two horizontal 
return-tubular boilers by a pump taking 
steam from a third boiler, this boiler being 
separated in all respects from the other 
two. The quality of the steam was de- 
termined by a Peabody calorimeter. 


steam was 


Tests oF ENGINE No. 3 

This is a horizontal engine direct-con- 
nected to two electric generators, and is 
used on power and lighting. As the load 
was irregular it was necessary to use a 
water rheostat. 

The boilers were of the horizontal re- 
turn-tubular type and weighed water was 
pumped into them. 

This engine is equipped with a peculiar 
type of balanced valve. It slides between 
two seats, one on the top and one on the 
bottom of the steam chest, the ports be- 
ing cast in the top and bottom of the 
chest and finally coming together and 
passing to the ends of the cylinder. The 
steam enters the inside of the valve and 
being admitted to both top and bottom 


RESULTS OF TESTS 


ports simultaneously, the valve is, in ef- 
fect, double ported. Similarly the ex- 
haust comes from both top and bottom 
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cular backs, one fitting inside of the other 
and being packed with sprung rings. Th: 
valve is sufficiently unbalanced to kee 
the two parts against their respectiv: 
seats with slight pressure, and they fol 
low up any wear that takes place, an 
should keep tight under the circumstanc¢ 
of ordinary service. The engine is pro 
vided with a Rites governor. 


Tests oF ENGINE No. 4 

This is a horizontal center-crank engin: 
with four slide valves, two inlet valves o1 
one side of the cylinder, one valve being 
on each end, and two exhaust valves sim 
ilarly situated on the other side of th¢ 
cylinder. Each valve slides between its 
seat and a balance plate and is perfect]; 
balanced and double ported. Compensa 
tion for wear is provided by scraping th« 
strips that maintain the balance plate at a 
The ports 
evidently 


fixed distance from the seat. 
are direct and the clearance 
small. The governor is of the Rites type, 























FIG. 4. SHOWING VALVE 
and the valve is, therefore, double ported 
on the exhaust. The valve is not a single 
piece without adjustment; the top and 
bottom are two separate pieces having cir- 


OF ENGINE NO. 4. 





1. Test No. 1 2 3 

2. Date 1907 Aug. 2 Aug. 1 Aug. 2 
3. Previous length of service 719 hours | 

4. Size of cylinder 16.09 in. x 14 in. 

5. Diameter of piston rod 24 in. 

6. Generator Allis-Chalmers-Bullock 

7. Generator rating 125 kw., 3 ph., 600 V. 120 amp. 
8. Duration of tests, hours 34 6 34 

9. Approximate load 4 ? Full 
10. Quality of steam—superheated 18 deg. F. 22 deg. F. 19 deg. F. 
11. Average steam pressure, pounds 113.3 116.6 113.9 
12. Average revolutions per minute 268.9 268.3 264.0 
13. Average temperature of steam 364 deg. 367 deg. 365 deg. 
14. Average temperature of room 85 deg. 88 deg. 89 deg. 
15. Average temperature of atmosphere 80 deg. 83 deg. 85 deg. 
16. Average barometer, inches 14.70 14.69 14.68 
17. Indicator spring, pounds 80 sO SO 

18. Indicated horse-power 99.36 138.1 184.0 
19. Indicated friction horse-powet! 9.70 
20. Indicated friction horse-power, per cent. 4.27 
21. Indicated horse-power to atmospheric line 114.7 159.7 214.0 
22. Average back pressure, pounds 3.5 S.1 8.3 
23. Average cut-off, per cent. 16.5 27.0 40.1 
24. Average kilowatts observed 63.1 94.3 

25. Average kilowatts to atmospheric line 76.0 109.4 

26. Efficiency e.h.p. to i-h.p. per cent. 84.7 91. 

27. Total water consumed, pounds 15,900 987 

28. Water consumed per hour, pounds 4543 5998 

29. Water per i.h.p. per hour observed, pounds 45.7 43.4 
30. Water per i.h.p. per hour to atmosphere, pounds 39.6 37.8 
31. Water per kilowatt-hour, observed, wand 72.0 63.6 
32. Water per i.h.p. per hour to atmosphere, pounds 59.8 54.9 


4Generator unexcited. 





CHESTS OF ENGINE NO. 4 


and acts on the inlet valves. The exhaust 
valves are operated by a fixed eccentric. 

The engine is direct-connected to its 
generator. 

The steam was condensed in a surface 
condenser of large size, and an abundant 
supply of circulating water was supplied. 
A cover over an opening on the condenser 
was removed in order to prevent a vacu- 
um from being formed. The condenser 
was sufficiently high to permit the water 
formed by the condensation of the steam 
to run into either of two barrels, each 
resting on a platform scale where it was 
weighed. The condenser was tested for 
leaks, and found to be tight. 

The steam from this engine was fur- 
nished by vertical fire-tube boilers and 
was somewhat superheated. 


Tests OF ENGINE No. 5 

No. 5° was a vertical cross-compound 
condensing engine, in rather poor condi- 
tion, judging from the noise made by it. 
It was provided with a surface condenser 
which leaked somewhat, but the leakage 
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FIG. 0. SHOWING TYPE OF ENGINE kc: 


rate was determined. While the accuracy 
of this test is not as great as is desirable. 
it will give some idea of the engine’s per- 
It is to be regretted that the 
results of the two tests are so dissimilar 


formance. 


and we are unable to give any reason for 
this. 

There are two piston valves for each 
cylinder, one being the cut-off riding in- 
side of the inlet valve, and controlled by 
a shaft governor. 

The steam consumption was determined 
by weighing the discharge from the con- 
denser, and making proper allowance for 
the condenser leakage. This engine was 
direct-coupled to its electric generator. 


Tests oF ENGINE A 


This is a side-crank, simple non-con- 
densing engine direct-coupled to a direct- 
current generator. 
by a water rheostat. 
justable piston 
bushings. 


The load was carried 

The valve is an ad 
removable 
The steam enters the center of 
The 


operating in 


the valve and exhausts at the ends. 
governor is of the shaft type. 


POWER AND THE ENGINEER. 





71 
RESULTS OF TESTS OF ENGINE NO. 5. 

1. Test No. 12 

2. Date 1907 Sept. 8 Sept. 8 
3. Previous length of service 15,000 hrs. 

4. Size of cylinder 12,', in. and 19,4 in. x 14 in 
5. Diameter piston rod 2, in. and 2? in. 

6. Generator One General Electric 
7. Generator rating 100 kw. d.c. 220-230 \ 
8. Duration of tests, hours 3 2 

9. Approximate loads S-10 7-10 
10. Quality of steam 992 99.3 
11. Average steam pressure, pounds 113.8 114.9 
12. Average revolutions per minute 229.8 231.5 
13. Average temperature of room 77 deg S1 deg 
14. Average temperature of atmosphere 70 deg. 66 deg 
15. Average barometer 14.73 in. 14.75 in. 
16. Indicator springs SO high 20 low 
17. Indicated horse-power 141.1 123.3 
18. Indicated friction horse-power! 10.2 
19. Indicated friction horse-power, per cent. ie 3 
20. Indicated horse-power to 26-inch vacuum 158.5 133.0 
21. Average cut-off horse-power cylinder 33 21 
22. Average cut-off lp. cylinder 38 25 
23. Average kilowatts observed 83.1 70.9 
24. Average kilowatts to 26-inch vacuum 95.0 77.4 
25. Efficiency e.h.p. to i-h.p., per cent. 78.5 76.7 
26. Total water used, pounds 10,595 4951 
27. Water per hour, pounds 3532 2476 
28. Water per i.h.p. observed, pounds 25 20.1 
29. Water per i.h.p. to 26-inch vacuum, pounds 22.3 18.6 
30. Water per kilowatt hour observed, pounds 42.5 34.9 
31. Water per kilowatt hour to 26-inch vacuum, pounds 37.2 32.0 
32. Dry steam per i.h.p. hour to 26-inch vacuum, pounds 22.1 18.4 
33. Dry steam per kilowatt hour to 26-inch vacuum, pounds 36.8 31.8 

'Generator unexcited. 

The engine began service September 7, Tests oF ENGINE B 


1903, and the cylinder was rebored in 1906 
wud provided with a new piston. The con- 
dition of the engine was considered good, 
exeept for slight leakage of the valve. It 
had run about 32,000 hours, of which 
about 4300 hours were since reboring the 
evlinder. 


1. Test No. 

2. Date 

3. Previous length of service 
t. Size of cylinder 

5. Diameter of piston rod 

6. Generator 

7. Generator rating 

S. Duration of tests 














This is a center-crank engine; its piston 
valve has center admission 
haust and is double ported. 


and end ex 

The steam 
chest, although containing a piston valve, 
is shaped as for a flat valve, and has a 
bare circular bonnet on the side as well as 


one on the end. The engine is equipped 


RESULTS OF TESTS OF ENGINE A. 


November 11, 1907 
About 32,000 hrs. 
18,4 in. x 18 in. 
3 in. 
General Electric Co, dic 
150 kw., 112 volts, 1339 amp. 


1 


3 hr. 3 hr. 3 hr. 
9. Approximate load 14 3 4 
10. Average steam pressure, pounds 115.6 114 111.4 
11. Average revolutions per minute 221.7 221.9 222.8 
12. Indicated horse-power 273.8 170.8 122.4 
13. Indicated friction horse-power! 4.4 
14. Indicated friction horse-power, per cent. 1.6 
15. Average back pressure, pounds, in exhaust pipe 0.32 0.12 0.07 
16. Average amperes 1622 1020 703 
17. Average volts 114.3 112.1 112.0 
18. Average kilowatts 186.2 114.3 78.8 
19. Efficiency e.h.p. to i.h.p., per cent. 91.16 89.70 86.28 
20. Total water consumed, pounds 24,400 17,833 14,645 
21. Water consumed per hour, pounds 8133 5944 1882 
22. Water consumed per i.h.p. per hour observed, pounds 29.70 34.80 39.89 
23. Water consumed per i.h.p. per hour to atmosphere, pounds 29.53 34. 67 39.75 
24. Water consumed per kilowatt-hour observed, pounds $3.68 52.00 61.95 
25. Water consumed per kilowatt-hour to atmosphere, pounds 13.42 51.80 61.76 
‘Generator unexcited, 
with the H. C. Nichols governor. 
This engine was installed in Aprii, 1906, 








FIG. 5. 





SHOWING VALVE CHEST CF ENGINE NO, 5 


and has been in service about 5600 hours. 
A new valve was put into the engine a 
short time before the were made, 
wind there were thereafter slight leaks of 
the valve and piston. 


tests 


Tests or ENGINE C 

This is a side-crank, high-speed engine 
having four valves. The admission valves 
are on the side of the cylinder and are of 
the balanced type, between the 
seat and a heavy balance plate. They are 
in effect double-ported and are almost 
exactly as already described for the inlet 
velves of engine No. 4, tested by Mr. 
Dean. 


sliding 


There are no packing strips to 
leakage, and tightness depends 
upon perfect workmanship and fitting. It 
is not expected that these valves will wear 
materially, if at all, but if they should, 
they, and the balance plates and distance 


prevent 
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RESULTS OF TESTS OF ENGINE B. 


. Previous length of service 

. Size of cylinder 

. Diameter of piston rod 

. Generator 

. Generator rating 

Duration of tests, hours 

Approximate load 

Average steam pressure, pounds 
Average revolutions per minute 
Indicated horse power observed, i.h.p. 
Indicated friction horse-power' 
Indicated friction horse-power, per cent. 


FON OOCDNGQUP WN 


tt 7 


15. Average back pressure in exhaust pipe, pound 


16. Average amperes 

17. Average voltage 

18. Average kilowatts 

19. Efficiency e.h.p. to i.h.p., per cent. 
20. Total water consumed, pounds 
21. Water consumed per hour, pounds 


22. Water consumed per i.h.p. per hour observed, 
23. Water consumed per i.h.p. per hour to atmosphere, pounds 
24. Water consumed per kilowatt-hour observed, 
25. Water consumed per kilowatt-hour to atmosp 


1Generator unexcited. 


strips can be refitted. The exhaust valves 
are under the cylinder, are cylindrical, 
and are like many Corliss valves. 

The governor is of the shaft type and 


1 2 3 
Dec. 17, 1907 
5600 hours 
154 in. x 16 in. 
2# in. 

Fort Wayne d.c. 
100 kw., oe amp. 


3 3 
Full 4 4 
88.7 90. 2.1 82.2 
244.3 246.2 248.8 247.8 
137.6 102.9 69.3 36.2 
7.2 
§.2 
0.62 0.52 0.74 0.82 
836 593 377 168 
111.6 114.1 114.1 112.7 
93.3 67 .7 43.1 18.9 
90.9 88.2 83.3 69.8 
14,080 11,419 8797 6118 
4693 3806 2932 2039 
ounds 34.1 37.0 42.3 56.3 
33.55 36.3 40.7 52.0 
ounds 50.3 56.2 68.1 107.9 
ere, pounds 49.4 55.2 64.8 96.7 


22, 1904, and has run about 13,000 hours. 
No repairs have been made, and it is 
thought that the engine is not in the best 
condition. 
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FIG. 7. 


does not differ materially from others. 
The centrifugal force of the weights is 


balanced by a flat leaf spring. 


This engine began service on February 


6e9) 


SHOWING VALVE CHEST OF ENGINE B 


CoNCLUSIONS 
The accompanying, tables show the 
economical results of the tests of the non- 
condensing engines. The most important 


RESULTS OF TESTS OF ENGINE C. 


1 
2 
3. Previous length of service 
4. Size of cylinder 
5. Diameter of piston rod 
6. Generator 

7. Generator rating 

8. Duration of tests, hours 
9. Approximate loads 


10. Average steam pressure, pounds 

11. Average revolutions per minute 

12. Indicated horse power observed, i.h.p. 
13. Average friction horse-power! 

14. Average friction horse-power, per cent. 


15. Average back pressure in exhaust pipe, pounds 


16. Average amperes 

17. Average voltage 

18. Average kilowatts 

19. Efficiency e.h.p. to i.h.p., per cent. 
20. Total water consumed, pounds 
21. Water consumed per hour, pounds 


22. Water consumed per i.h.p. per hour observed, pounds 
23. Water consumed per i.h.p. per hour to atmosphere, pounds 
24. Water consumed per kilowatt-hour observed, pounds 
25. Water consumed per kilowatt-hour to atmosphere, pounds 


1Generator unexcited. 


1 2 3 
Dec. 28, 1907 
10,800 hours 
12 in. x 18 in. 


24 in. 
Quaker City d.c. 
75 kw., 250 volts, 300 amp. 


24 
50 per cent. Full - 
overload 
90.2 86.3 90.4 
186.4 188.0 189.0 
111.3 74.2 43.0 
| 
9.5 
0.20 0.08 0.00 
308.5 198.2 105.5 
228.2 22t .& 226.5 
70.40 45.15 23.89 
84.8 81.7 74.5 
9496 8200 6626 
3796 2733 1893 
34.10 36.80 44.02 
34.00 36.73 44.02 
53.92 60.60 79.30 
53.74 60.48 79.30 


July 14, 1908. 


feature in these results is that the four- 
valve engines, which were built to be 
more economical than single-valve en- 
gines, have utterly failed in their object. 
No. 4 engine had steam superheated some 
20 degrecs Fahrenheit, and this gave the 
engine a great advantage over any other 
tested. These results show that efforts 
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FIG. 8. VALVE SEATS, ENGINE “C 

to realize by duplication, or 
multiplication, of parts, even if ports are 
shortened and clearances reduced, accom- 
plish nothing. The duplication of valves 
used in both four-valve engines simply 
increased the opportunity for leakage. In 
engine C the exhaust valves probably were 
tight, and as far as possible minimized the 
effect of the probable very large leakage 
by the inlet valves. 

After considering these tests, we do not 
hesitate to advise builders to abandon 
four valves for high-speed engines unless 
they are prepared to build a really high 
class engine having four Corliss or grid- 
iron valves, made and fitted in the best 
manner. Even then it would be necessary 
for them to prove their case. Steam en- 
gines of whatever type should have valves 
that are not only tight originally, but that 


economy 




















ow 


FIG. 9. ADMISSION VALVE, ENGINE C 


should become so by wear if they are 
The wearing process 


not so originally. 
should be a tightening process. 


Comparing the results of the flat-valve 


engines, the most economical results we! 
obtained from engine No. 3, having 


valve which automatically takes up wear, 


and, if it does not cut, must maintain itse! 
tight for long periods. The valve of th: 











ne 


suantistie hii aeuaianllins re 


wee 








5 oe? 
ae 





Paras 


GS: Ta one 


TR dene 1 RA 


oe oe eae 








July 14, 1908. 


engine is evidently its saving feature, for 
the port system could hardly be worse for 
realizing economy. The ports are long 
and tortuous, and have great surface, and 
the clearance volume must be large. 

Comparing the piston-valve engines, 
there is little reason for one being su- 
perior to the other, although engine A 
surpassed engine B in economy. Engine 
B has considerable unprotected surface on 
the steam chest, and this must increase 
condensation. 

Comparing the flat and piston-valve en- 
gines, if we do not consider the loads, the 
most economical result was obtained from 
a piston-valve engine. This result how- 
ever, was obtained when the engine was 
heavily loaded. With the lighter loads that 
are comparable the flat-valve engine No. 


DURATION 
OF 
ENGINE. SERVICE. } Load. 4 Load. 
Hrs. Lbs. Lbs. 
No. 1 15,216 38.5 
‘One Flat per 
Valve i.h.p. 
37.2 
per 
i.h.p. 
62.3 
per 
kw.-hr 
60.2 
per 
kw.-hr. 
No. 2 20,000 36.7 
One Flat per 
Valve i.h.p. 
66.0 
per 
<w.-hr. 
No. 3 28,644 31.7 
One Flat per 
Valve i.h.p. 
57.1 
per 
kw.-hr. 
No. 4 719 39.6 
Four Flat per 
Valves i.h.p. 
59.8 
per 
kw.-hr. 
A 32,900 39.75 
One Piston per 
Valve i.h.p. 
61.76 
per 
kw.-hr. 
B 5600 52.0 40.7 
One Piston per per 
Valve i.h.p. i.h.p. 
96.7 64.8 
per per 
kw.-hr kw.-hr. 
Cc 10,800 44.02 
Two Flat per 
Inlet Valves i.h.p. 
Two-rota- 79.30 
ting exh. per 
valves kw.-hr. 
3 surpassed engine A in economy. More- 


over, the flat-valve engines give a flatter 
load curve than the piston-valve engines, 
which is a valuable feature. 

The performances of the perfectly bal- 
anced flat-valve engines are so relatively 
poor, that it seems to disqualify them, 
unless this type of valve can be made with 
some mechanism by which wear will not 
increase leakage. Possibly metal strips 
might be used in a manner similar to that 
employed in the Richardson valve. It 
must be difficult to keep a shop force up 
to the pitch required to fit these valves, 
balance plates, and distance strips prop- 
tly. It is doubtful, in fact, if this type 
of valve is tight even when new, and it 
“aS no chance of ever being tight there- 
iter unless it is refitted, which is sel- 
om done. This type of valve must take 
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the whole responsibility of the extrava- 
gance of the four-valve engines. Engine 
No. 1 had the advantage of steam super- 
heated 7 degrees Fahrenheit to 14 degrees 
Fahrenheit. 

The results show that heavy loads with 
high-speed engines give’ the most eco- 
nomical results, and this confirms the 
statement of D. K. Clark in the early 
fifties that the most economical point of 
cut-off in locomotives is at about one- 
third stroke. This was again substan- 
tiated by Professor Goss with the ex- 
perimental locomotive at Purdue Uni- 
versity. 

One interesting thing about the results 
is that no stationary high-speed engine is 
as economical as passenger locomotives 
that are in good order. We expect that 


Steam Usep PER Hour TO ATMOSPHERE aT 


$3 Load. Full Load. 14 Load. 14 Load. 
Lbs. Lbs. Lhe, Lbs. 
36.2 
per 
i.h_p. 
58.4 
per 
kw. 
35.8 
per 
i.h.p. 
59.7 
per 
kw.-hr 
32. 
per 
i.h.p 
57.4 
per 
kw.-hr 
37.5 36.7 
_per per 
i.h.p. i.h.p 
54.9 54.7 
per per 
kw.-hr. kw.-hr kw.-hr. 
34.67 29.53 
_per per 
i.h.p. i.h.p. 
51.80 43.42 
per per 
kw.-hr kw.-hr. 
36.3 33.55 
_ per A 
i.h.p. i.h.p. - 
55.2 49.4 
per per 
kw.-hr. kw.-hr. 
36.7 34.10 
_per fper 
i.h.p. i.h.p. 
60.48 53.74 
per er 
kw.-hr. om 


such locomotives will use as little as 26 
pounds of steam per indicated horse- 
power per hour, and better results have 
been obtained. This economy was real- 
ized before very high steam pressures 
were used. 

It is unfortunate that the tests were not 
of greater duration, but the results would 
probably not have been thereby materially 
different. 

In regard to the relative economies of 
fiat and piston-valve engines, we are in- 
clined to believe that the former are the 
more economical, if the valves are self- 
adjusting with wear, and are of a good 
design. They must have less port sur- 
face and less clearance, and can be made 
to adjust themselves for more wear than 
piston valves. 

Persons who are familiar with guaran- 


73 


tees of steam consumption which accom- 
pany sales of high-speed engines are 
aware that these guarantees are usually 
met in shop tests, but the present tests 
show that no engine realized economies 
which would have been guaranteed. From 
the results we are justified in thinking 
that most high-speed engines rapidly de- 
teriorate in economy. On the contrary, 
slower running Corliss or gridiron-valve 
engines improve in economy for some 
time and then maintain the economy for 
many years. It is difficult to see that 
the speed is the cause of this, and it must 
depend on the nature of the valve. 


DiIscusSsION 


C. A. Dawley thought the tests were 
interesting as isolated examples, but too 
general conclusions must not be drawn 
from them. It seemed to him especially 
rash to conclude that a reduction of the 
clearance space shortening the ports, and 
compression to fill the admission and ex- 
haust passages, accomplished nothing 
merely because the two engines in these 
tests which’ were so arranged, were fitted 
with pressure-plate balanced valves, which 
leaked. The fact that the four-valve en- 
gines tested were fitted with leaky valves 
should not be used as an argument 
against four-valve engines. The poor re- 
sults obtained with the tests under con- 
sideration are attributed by the author 
largely to valve leakage, but piston leak- 
age is equally important. Tests made by 
the speaker, of leakage in air-compressor 
cylinders, showed leakages of from 5 to 
15 per cent. of the piston displacement. 

R. C. Stevens described a valve which 
the builders would guarantee to remain 
tight without attention for five years. It 
was balanced by a ring bearing upon the 
steam-chest cover, and was equivalent to 
80 per cent. of the valve area, leaving the 
pressure upon 20 per cent. to keep the 
valve to its seat. The speaker had ex- 
amined engines fitted with these valves 
after having been run in one case thirteen 
and in another seventeen years, and found 
them in perfect condition, without having 
been refitted. 

F. W. Salmon submitted eight diagrams, 
in which he had plotted from all the avail- 
able data the steam consumption against 
the mean effective pressure, to the end 
that he could select the most economical 
load in mean effective pressure for the 
conditions of a test, or choose an engine 
suitable for a given service. 

George H. Barrus said that the paper 
conformed to his experience in the mat- 
ter of valve leakage. It would have added 
to the value of the paper if it had included 
one or two engines having single-piston 
valves with ring packing, in which the 
wear takes itself up automatically. He 
had tested many of these engines for leaks 
after having been in service for a year 
or more, and did not recall a single in- 
stance where leakage of any account was 
revealed. 
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ir Leakage in Steam Condensers 


Ability to Handle Air as Important as That to Condense Water; 
Formulas and Charts for Computing the Amount of Air Present 





BY THOMAS 


Experience has shown that the pres- 
ence of a small amount of air in a steam 
condenser has a marked effect upon its 
capacity and efficiency. In spite of this 
no serious attempt seems to have been 
made to determine quantitatively the 
amount of air mixed with steam in ordi- 
nary practice, nor definitely to define or 
limit this amount to exact figures in con- 
denser contracts and guarantees. 

If it demonstrated that the 
greater part of the air coming to con- 
densers is the result of air leaks, and 
that these leaks are mostly in the prime 
mover and its connections and likely to be 
but small in amount in the condenser 
itself; and if it is possible to devise some 
convenient method of estimating the pro- 
portions of the air to the exhaust steam 
required to be handled by the condenser, 
then it is only as fair to expect that pur- 
chasers’ specifications shall at least limit 
the amount of air to be handled by the 
air pump, that the manufacturer may in- 
telligertly select the size of this pump, as 
it is to expect these specifications to state 
the amount of steam to be condensed, that 
the manufacturer may properly determine 
the size of the condenser. 

In view of the one-sidedness of the 
usual purchaser's specifications in this re- 
gard, it is not surprising to find the man- 
ufacturer in turn stipulating that the 
prime mover and its piping shall be “free 
from air leaks” and then furnishing an 
air pump costing a very appreciable frac- 
tion of the total plant cost to remove air 


can be 


specified not to be present. 

The author believes and assumes that 
the amounts of air passing through dif- 
ferent condensers may be best measured 
and compared on the basis of the relation 
of the volume of this air to the volume of 
the steam being condensed, both being at 
the pressure and temperature existing in 
the particular exhaust pipe. The most 
convenient unit of volume is the volume 
of the condensation coming 
from the steam. The ratio of the volume 
of air passing through the air pump to 
the volume of water of condensation is 
then used to measure the air. 

The most reliable index of the propor- 
tion of air to exhaust steam customary in 
existing plants is to be found in the rat- 
ings of air pump capacity in general use. 
Manufacturers of vertical twin air pumps 


water of 


*Abstract of a paper read at the Detroit 
meeting of the American Society of Mechan- 
ical Engineers, June 23 to 26, 1908. 
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and surface condensers usually guarantee 
them from 26 inches vacuum (30 inches 
barometer) and t1o0 degrees Fahrenheit, 
hot-well temperature, with 70 degrees in- 
jection and 110 degrees discharge tem- 
perature, under which conditions it is cus- 
tomary to furnish an air pump of a dis- 
placement about thirteen times the volume 
of the water condensed. 

Presuming that the friction of the 
vapors in passing through the condenser 
is negligible and that the volumetric effi- 
ciency of this type of air pump is the same 
for the air as for the water, this rating 
presumes that for every unit volume of 
water of condensation there will be pres- 
ent in the air-pump suction pipe twelve 
volumes of air, saturated at 26 inches and 
110 degrees, at which temperature the 
pressure of the steam alone is 2.58 inches 
absolute. 

The twelve volumes of saturated air in 
the air-pump suction pipe is made up 
(Dalton’s law*) of 


Inches 

Absolute, 
2 volumes of steam at 2.58 
2 volumes of air at 1.42 


—_ 


Total pressure, 4.00 


Reduced to the condition in the exhaust 
ripe, that its volume may be comparable 
to the volume of the exhaust steam, this 
air alone becomes: 


1.42 459-5 + 125 
Iz Ko OKO 4. 
4 459.5 +110 4°37 
volumes. 
The unit volume of water passing 


through the air pump with this air was, 


11,000 times its vol- 
The proportion of air to 10,000 vol- 


before condensation 
ume. 


umes of exhaust steam is, therefore, 


‘ Io 
4.37 X 10,000 __, 
11,000 


volumes. 


This amount, four volumes of air per 
10,000 volumes of represents the 
upper limit of the proportion of air to 
exhaust steam anticipated by American 
practice jn air-pump guarantees for the 
class of steam plant usually supplied with 
vertical twin air pumps, as indicated by 
the 


steam, 


success of large numbers of these 
pumps in achieving their rated results. 
Horizontal air for 26 inches 


vacuum and 110 degrees hot-well temper- 


pumps 


ature are rated by most manufacturers 
*Dalton’s law as it relates to steam in con- 
densers was explained by the author in a 
paper delivered before the Engineers’ Club 
of Philadelphia. 
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as having a displacement of about 20 
the volume of the water of con- 
densation. This rating presumes the pres- 
ence of air in the proportion of 6.3 vol- 
umes to 10,000 volumes of exhaust steam. 

Air pumps for jet condensers for 7o 
degrees injection and 26 inches vacuum, 
on the presumption that the discharge 
temperature will be 110 degrees, are usu- 
ally rated at a displacement of 52 times 
the volume of the water of condensation. 
On these presumptions, this displacement 
wili be made up of: 


times 


Volumes, 





CUMGOROOE DOOR oi 6hik kk cdice wrvesces 1.0 
Air entering with steam through 
ME atikndaccnneheatariarenvensaeaas 0.3 
Condensing Water .... .ccccscccccccccs 26.0 
Air entering with condensing water. 10.5 
Air entering by leakage.............. 14.2 
MN ikiccnacdninssseaennenetoekkeee. ee 


Figuring as above, 14.2 volumes of air 
in the air-pump suction at 4 inches abso- 
Iutc and 110 degrees were, before conden 
setion, 4.7 volumes per 10,000 volumes of 
exhaust steam, or to refer to the basis 
used before for the surface condenser, the 
air entering by leakage and in the boiler 
14.5 and 
responds to 4.8 volumes per 10,000 vol 


feed aggregates volumes cor 
umes of exhaust steam. 

Here, then, are three different amounts, 
and 4.8 air per 
10,000 volumes of exhaust which 
the custom of air-pump 
tablishes as the limiting 
air to exhaust 


4, 3, volumes of 

steam, 
guarantees es 
proportions of 
usual practice. 
The first ot these values seems most re 
liable because of the high volumetric eff 
of the vertical twin air pump, but 
as this type of pump is most often used in 
steam plants which, from their nature, are 
likely to have less leakage than the aver 
age plant, it is probable that 4 volumes 
Neither of 
the other two values is likely to be as re 
liable as the first from the nature of the 


steam in 


ciency 


is a little below the average. 


assumptions necessary in their deduction 
It is, therefore, safe to say that provision 
te handle about 4.5 volumes of air pei 
10,000 exhaust 
inches is ample in steam-engine practice, 
and that more air 


volumes of steam at 20 
than this indicates ex 
cessive leakage; this, however, dependinz 
scmewhat on the size and type of plant. 
Of the air that must be removed from 
the surface part enters with 
the steam through the boiler from the 
feed-water, the balance through leaks. It 
it be presumed that, as an outside figure, 
the feed-water contains 1/20 of its volume 


condenser, 
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of air under atmospheric conditions and 
is at 70 degrees Fahrenheit, its relative 
yolume, when it reaches the exhaust pipe 
entering the condenser, will be: 


I : 12 fe) 10,000 
I, 459-5+125 | 30 , 10,000. 44 
20 4595+ 70 4 11,000 
volume per 10,000 volumes of exhaust 
steam; or if the feed be heated to 210 
degrees before being pumped into the 
boiler: 
I 12 © _. 10,000 

x 45954125 , 30, — 
20 4595+ 2I0 4 II,000 


volumes per 10,000 volumes exhaust. 
This shows that of the air-pump ca- 
pacity presumed necessary by manufac- 


uv 
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pump. The proportion of air mixed with 
the exhaust steam is so small that the 
temperature drop due to its presence 
could not be used. Thus, 4 volumes of 
air per 10,000 volumes of exhaust steam 
would cause a lowering of the temper- 
ature below that due to the pressure, of 
0.014 degree Fahrenheit at 28 
vacuum, and 0.015 degree at 206 inches 
vacuum. 


inches 


Charts have been prepared to simplify 
the determine 
the proportions of air and exhaust steain 
passing into the after the 
ratio of volume of water of condensation 


calculations necessary to 


condenser, 


to volume of air passing through the air 
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ter Condensation at same Vacuum but at different Temperatures, 


in Units of Volumes of Water Condens 
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Volumes of same Air af 
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Volumes of Air in Air-Pump Suction Times Volume of Condensed Water. 











i 2 3 4 5 6 


Volumes of Air per 10,000 Volumes of Steam at Temp. due to Vacuum 


CURVES BASED ON 30-INCH BAROMETER 


rig £. 


turers, about 7 to 9 per cent. is required 
to handle the air coming into the con- 
denser with the feed-water and that the 
balance is required to remove the 
tering by leakage and is largely 
necessary expenditure. 


air en- 
an un- 
Certainly, then, 
the responsibility for limiting the amount 
of air is with the prime mover and its 
piping, and it is only reasonable to ex- 
pect those controlling these features of 
the plant to indicate the amount of air 
the pump must handle and not to compel 
the condenser manufacturer to guess 
at it. 

There seems to be no other means of 
measuring the air coming to any con- 
denser than by the displacement of its air 


i3;-— —-—— — — 


oa 


“I 
tse 


steam at this same pressure, before con- 
densation agreeing with previous. cal- 
culation. 

These curves are purely theoretical, and 
can be used for any type of condenser to 
determine the ratio after condensation of 
the volume of air and water at certain tem 
peratures which correspond to certain pro 
portions of air mixed with the exhaust 
steam passing to the condenser and can, 
therefore, be used for selecting both dry 
air-pump sizes and 
where hot-well 


wet air-pump sizes 
are to be 
guaranteed and where the proportion of 


temperatures 


air to exhaust steam is either specified or 
assumed, 








7 8 9 10 0 120 110 
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pump, this air, 
The curves of the 
charts, Figs. 1 and 2, show the relations 


of these quantities. 


and the temperature of 
have been determined. 


There are three sets 


of these curves in Fig. 1, for three 
vacua; the abscissas are volumes of air 
added to 10,000 volumes of steam and 


the ordinates are ratios of the volumes of 
this air saturated at the temperatures 
marked on each curve to the volume of 
the water of Thus, the 
curve marked 26 inches and 110 degrees 
Fahrenheit, shows that an air-pump dis- 
placement ratio of 12 volumes of air to 
1 of water should, at this temperature 
and pressure, correspond to a mixture of 


condensation. 


4 volumes of air and 10,000 volumes of 


100 ow 8U iv 60 aU 40 uM 


Temperature of Air Pump Suction Deg, Fahr. 
RESULTING VOLUME IN 


AIR PUMP 
PART 


SUCTION DUE 
BY VOLUME OF 
STEAM 


rO PRES- 
10,000 AIR 
IN EXHAUST 
The also show the great in 
fluence of air-pump suction temperature 
on the capacity of an air pump to handle 


air. 


curves 


Thus an air pump with 4 inches ab- 
i 


solute can handle about twice 


the amount of air at 90 degrees it could 


pressure 


handle at 110 degrees, and at 40 degrees 
about three times its capacity at T1o de 
This the 
shows quantitatively the benefit gained in 
reduction of volume of air by the “dry” 
system, rotative dry-vacuum 
pump. Without sacrifice of hot-well tem- 
perature, this system removes the air near 
or at the temperature of the injection. If 
used on the presumed conditions of the 
vertical twin pump 


erees. feature of also 


curves 


using a 


first mentioned, 12 
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volumes of air at 4 inches absolute and 
110 degrees would be cooled to 70 degrees 
and become 


12 X 459-5 X 70 _ 
459.5 X IIo 
volumes. 

Referring to the curves it is seen that 
12 volumes of air and I volume water 
at 4 inches absolute and 110 degrees and 
4.85 volumes air and I volume water at 
4 inches absolute and 70 degrees were 
each 4 volumes of air and 10,000 vol- 
umes of steam (both at 26 inches and 
125 degrees) before condensation. 

The curves also show, although not 
accurately, the fallacy of the short rule 
so often used which presumes that halv- 
ing the absolute pressure will double the 
volume of air to be handled. As a mat- 
ter of fact, the volume will be increased 
much more than twice if there is no ac- 
companying temperature change and at 
least twice unless there is a very con- 
siderable accompanying temperature re- 
duction. 

As an example: Suppose a certain vol- 
ume of air saturated at 70 degrees F'ah- 
renheit (steam at 0.73 inch absolute) 
and 4 inches absolute, a usual condition 
in the suction pipe of a rotative dry- 
pump when maintaining this 
vacuum. This air has a pressure of it- 
self of 3.27. inches absolute. If this 
volume be expanded to half the pressure 
and the air be still kept saturated at 70 
degrees, the air pressure itself will be 
2 inches —o.73 inch =1.27 inches, and 
its new volume will be 


vacuum 


chet! 
2— 0.73 
or 2.57 times the original volume. 


The actual conditions may be repre- 
sented thus: 


(3.27 
oy ed 


a One vol. air at 70 deg. 
One vol. saturated and 3.27 in. abs. 
air at 70 deg. and 


ai 
} 
| 


One vol, steam at 70 
4 in. abs. deg. and 0.73 in. 
| abs. 


and becomes at 70 degrees and 2 inches 
absolute. 


) { 2.57 vols. air at 70 
2.57 vols. satu- | _ and 1.27 in. 
= an a y == 1} 2.57 vols. steam at 70 
? ; | deg. and 0.73 in. 
J abs. 


If, however, in halving the pressure it is 
also cooled to 50 degrees Fahrenheit 





(0.36 inch absolute) the new volume 
will be 
459-5 + 50 4 — 2.73 
Ix Joe * *~"— = 1.92 
459-5 + 70 2 — 0.36 “ 


times the original volume. 

Similarly, a certain amount of air sat- 
urated at 70 degrees (0.73 inch abso- 
lute) and 28 inches becomes at 70 de- 
grees and 29 inches 

2— 0.73 


I — 0:73 a 


times original volume; or at 50 degrees 
(0.36 inch absolute) becomes 
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459-5 + 50 2 — 0.73 
4595+70 © I—o 36 
times the original volume. 

All of these results are shown with 
fair accuracy (within 5 per cent.) on the 
curves, although the curves in the set for 
each particular vacuum were intended to 
be referred only to other curves in the 
same set and not to curves for any other 
vacuum. 
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one a little above and one a little below 
nominal rating of the turbine and show 
from Table 1 that the air leakage in the 
turbine, piping and condenser based on 
ratio to volume of exhaust steam was 
about four times the largest amount cus- 
tomary in steam-engine practice. Tests 
3 and 4 not only show enormous leakage, 
but also that the total amount of air in- 
creased as the load on the turbine de- 








TABLE 1. 


RESULTS OF Four TESTS ON LARGE SURFACE CONDENSER. 





Test Number. 





1 2 3 4 

Ratio steam being condensed to guaranteed capacity of condenser | 

for 70 deg. water and 28. in. vacuum, per cent............... 74 67 38 | 27.5 
Vacuum in exhaust, 30 in. barometer, inches................... 28.03 | 28.18 | 28.28 | 27.34 
Corresponding temperature, degrees F.............0000 eee eees 101.0 97.8 95.9 |109.4 
Volumes exhaust steam times volume water of condensation. ..... 21,200 23,100) 24,600, 16,000 
Steam condensed per square foot, pounds. ..................-. 5.62 5.1 2.85 2.07 
Vacuum pump suction temperature, degrees F................- 56.7 58 58 56.2 
Equivalent steam pressure, inches, abS...................0000- 0.46 0.48 0.48 0.45 
Air by volume in vacuum pump suction, per cent.............. 76.5 73.7 72.2 | 83.4 
Vacuum pump displacement times volume water of condensation.. 52.6 58.0 (105.0 /|148.5 
The same with 90 per cent. volumetric efficiency assumed....... 47.3 §2.2 94.5 |129. 1 
Volume air reduced to temperature and pressure in exhaust pipe 

times volume water of condensation. ..............222eeeees 39.6 40.7 73.3 (118.0 
Volumes air in exhaust steam per 10,000 volumes exhaust steam... 18.7 17.6 29.8 | 73.7 





If then, it be decided, say, that 4.5 vol- 
umes of air per 10,000 volumes of ex- 
haust steam shall be the permissible 
amount of air mixed with the exhaust 
steam in surface or jet condensers, the 
curves will show the volume of this air 
and consequently the effective vacuum- 
pump capacity required for it for each 
vacuum and each air-pump suction tem- 


| 
| 
| 


creased; a usual condition in steam tur- 
bines. 

It is interesting to note the effect 
of the large proportion of air mixed with 
the steam, particularly in the bottom of 
the condenser, on the heat-transferring 
capacity of the surface, as shown in Tabk 
2. Certain of the steam-temperature read- 
ings of the test were liable to error 












































perature. In the case of the jet condenser through the impossibility of knowing 
TABLE 2. 
RESULTS SHOWING EFFECTS OF AIR MIXED WITH STEAM. 
‘ : _ 
| oe 
oe ~ : & 5 
ae | & & | S| 
is a Co ° ue o 
Steam Temperatures. Water Temperatures.| 9 mM og | 
° 2 he - = 
g SS a. s |as s 
E ge | 23 8 | 98 Se 
vey Fol Ve ao 5 a0 > 
B “ ute es oo am ° =r 
- re e 2 S | ss | gg | * | ga gs 
g es si ‘3 bi ® | ¢ | O38 5a $ | 53 3° 
” a } bo 5 2 | gs 25 - : ak mm 
Sf pS = a 3 o o = = -2 | « 
® > a = ® S BO | 8 ne) SA 
4 3s 2 — < es. | o . 7 by 
S o | & = Se | s joa : = 
S| 4 < A | CM ja << 
_ — eS ee | eS — ——— ——_ | — — —_ — | nsnssammemnension — a es — prance Renee ——_ - 
top 101.0 91.1] 96.0 | 56.0 | 66.0 | 61.0 | 35.0 | 12.03 | 13020 | 372 6.0 
1 middle 91.1 63.6 | 77.3 | 53.0 | 56.0 | 54.5 | 22.8 3.60 3888 | 171 51.0 
bottom 63.6 55.3 59.4 | 52.0 | 53.0 | §2.5 6.9 | 1.20 1296 | 189 75.0 
top 97.8 91.7 94.8 | 56.0 | 66.0 | 61.0 | 33.8 | 10.89 11760 | 348 14.8 
2 middle 91.7 62.0 | 76.8 | 53.0 | 56.0 | 54.5 | 22.3 | 3.24 3498 | 156 47.0 
bottom 62.0 56.0 59.0 | 52.0 | 53.0 | §2.5 6.5 |} 1.08 1164 | 180 73.0 
top 96.0 89.3 92.6 | 54.0 60.0 57.0 | 35.6 | 6.12 6609 | 186 14.0 
3 middle 89. 59.4 74.3 | 53.0 | 54.0 | 53.5 | 20.8 | 1.02 1101 54 47.0 
bottom 59.4 55.6 | 57.5 | 51.6 | 53.0 | 52.3 | 5.2| 1.44 1554 | 30 72.0 
eee | eeeeenaes | qua compen | comme enema | ees eee | ee ae | ES ee 
top 109.4 100.0 | 104.7 | 54.0 | 57.5 | 55.7 | 49.0] 2.64 2851 58 16.0 
4 middle 100.0 62.0} 81.0 | 54.0 | 54.0 | 54.0 | 27.0 | | 38.0 
bottom | 62.0 54.4 | 58.2] 52.0 | 54.0 | 53.0 5.2 | 1.50 1620 | 31 82.0 
| | 


due allowance must be made for the air 
carried in by the injection water, an 
amount that can be predicted with a fair 
degree of accuracy provided, of course, 
the water be taken from a quiet pool. 

As an example of. conditions often 
found, the results of four carefully con- 
ducted tests of a very large surface con- 
denser on a steam turbine are shown in 
Table 1. Tests Nos. 1 and 2 were made 


surely that the thermometers were not in- 
fluenced by water dripping on them from 
the colder tubes, so all of these and the 
values derived from them are marked (?). 
However, as these readings are the aver- 
age of readings taken in two different 
parts of the condenser in each case they 
cannot be far wrong. 

It is very evident from these tests 
that the middle and bottom nests of tubes 
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are doing practically no work and that the 
reason for this is the large proportion of 
air in the steam surrounding them as is 
shown approximately by the last column 
of Table 2. The heating of the circulat- 
ing water being largely prevented in all 
but the top nest of tubes, the efficiency of 
the circulating system is very low even 
at the larger loads; 14 out of a possible 
46 degrees in one case and 14 out of a 
possible 42 degrees in another. 

It is of interest to consider what must 
be done to improve the vacuum in this 
condenser. From the fact that the air- 
pump suction temperature in these four 
tests was within 4.7, 6, 6.4 and 4.2 de- 
grees, respectively, of the injection tem- 
perature, it is inferred that the condenser 
is doing fairly well as an instrument for 
cooling, especially in view of the large 
proportion of air present. The fault can 
then be corrected only by decreasing the 
amount of air in the condenser either by 
taking care of the air leaks or by increas- 
ing the speed or size of the air pump. 

To reduce the air in the condenser to 
the equivalent of 4.5 volumes in the ex- 
haust pipe to 10,000 volumes of exhaust 
steam, would require that the air leaks 
shown in the four tests be reduced to 
24, 25.5, 15.1 and 6.1 per cent., respectively, 
of their present values, or that the speed 
or capacity of the air pump be increased 
about four times at full load on the tur- 
bine, about 6.5 times at half load and 
about 16 times at three-eighths load. The 
full benefit that would result from this 
change is hard to calculate, as it affects 
so many different features of the conden- 
ser. The first effect would be to reduce 
to one-auarter the proportion of air in the 
air-pump suction pipe. As there is an 
ample amount of cooling effect, this 
change would not materially affect the 
air-pump suction temperature. 

The curves show that with 70 degrees 
injection temperature, presuming that the 
air-pump suction temperature could not 
be more than 75 degrees, the vacuum with 
same load and same air leakage as Test 
1 would be 2.5 inches and with the leak- 
age usual with steam engines would be 
equal to 1.3 inches. This excessive leak- 
age was, therefore, causing a winter 
vacuum of 28.03 that ought to have been 
at least 29.1 inches and was likely to cause 
a summer vacuum of only 27.5 inches 
where it should have been at least 28.7 
inches. The winter loss of fuel, due to 
the excessive leakage of this unit, aver- 
aged probably half a ton per hour. 

It is to be regretted that there is not 

‘re information available on which 

act estimates of air leakage can be 
made. There are turbine plants compara- 
ble in size with the plant cited above, in 
Which the air leakage is less than we have 

‘sumed as the maximum allowable 
amount in steam-engine practice. One 
carefully conducted turbine test, which, 

owever, did not include readings of air- 

mp suction temperature, shows that 


POWER AND THE ENGINEER. 


there could not have been more than about 
one-half of the maximum customary air 
leakage of steam-engine practice at a little 
below full load and a little above full load, 
respectively, on a steam turbine of the 
same size as the one tested with the re- 
sults shown in Tables 1 and 2. 

One of these condensers was handling 
eight times as much air as the other. 
Presuming that the same precedents were 
used in designing both, if one did not have 
too little area for the passage of the steam 
and a consequent friction loss, then the 
other had entirely too low a steam velo- 
city and consequent low heat-transfer 
capacity of the surface and low efficiency 
of the condenser. Until the quantity of 
air to be handled by condensers with the 
steam is agreed upon in advance, conden- 
sers will continue to be designed from 
precedents based on obtaining guarantees 
even if the plants later develop to be quite 
leaky; high efficiency cannot therefore be 
expected even if the air leakage turns out 
later to be very low. 

It must be evident that comparisons of 
results obtained in different plants and 
from different types of condensers cannot 
possibly be trustworthy unless the propor- 
tion of air for each case has been deter- 
mined and due allowance made therefor. 
The amount of air present exerts a great 
influence on the relation between tem- 
perature and vacuum in the condenser; 
on the air-removing capacity of the air 
pump, and on the heat-transferring capa- 
city of the surface or spray. The plant 
having the smallest air leakage might have 
an advantage sufficient to wipe out en- 
tirely the benefits that might be gained by 
any refinements in the design of con- 
densers under comparison. Thus, a com- 
parison between the condenser whose test 
is shown in Tables 1 and 2, having a 
cooler lowering the air-pump suction tem- 
perature almost to the circulating inlet 
temperature, and the unit mentioned later, 
with its cooler removed, the results of the 
two tests would have favored the latter, 
and it might have been concluded that 
cooling was of no benefit. The methods of 
measuring and comparing air leakages 
suggested in this paper would not only 
show this to be an erroneous conclusion 
and that air cooling was of great benefit 
to the unit, but it would also show the 
amount to be gained by such cooling. 

The suggested measurement of the air 
coming to condensers necessitates the fol- 
lowing readings: 


1. Pressure in air-pump suction. 

2. Temperature of air-pump suction. 

3. Quantity of steam being condensed. 

4. Effective vacuum-pump_ displace- 
ment. 

For ordinary work and with properly 
built condensers, the vacuum in the con- 
denser could be taken for the first read- 
ing, but for exact work the pressure and 
temperature should both be taken at the 
same point in the suction pipe. Determi- 
nation of the effective vacuum pump dis- 
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placement requires readings of the speed 
of the vacuum pump and an estimate of 
its volumetric efficiency from its indicator 
card. For barometric condensers and jet 
condensers with air pumps, certain allow- 
ances have to be made, requiring for their 
determination some previous practice with 
condensers of other types. 


DISCUSSION 


Charles A. Howard suggested that the 
condenser man be given the contract for 
the exhaust piping, which would put him 
in control of the leakage. 

In the steam turbine of the Parsons or 
Fullagar type, this leakage is immaterial. 
In the Curtis it is frequently excessive at 
light loads, but the guarantee is generally 
asked for at full load or over, so that this 
is immaterial. At full load these machines 
are nearly as tight as the horizontal type, 
and will hold over 29 inches referred to a 
30-inch barometer when running full load, 
with a ratio of vacuum-pump displace- 
ment of 18. 

Mr. Heisler said that the old system 
makes the condenser man responsible for 
the whole outfit, over most of which he 
had no control. A little defect in a pis- 
ton-rod packing will admit sufficient air 
to make a serious dispute, if not to cause a 
rejection. On an otherwise tight air 
chamber, it needs only the equivalent of an 
orifice one-sixteenth of an inch in diame- 
ter to reduce a 28.9-inch vacuum by half 
an inch, and one-eighth-inch diameter to 
reduce it seven-eighths of an inch, the 
vacuum being produced by a dry-vacuum 
pump having a piston 20 inches in diame- 
ter, 12 inches stroke, running 120 strokes 
per minute, and holding the vacuum within 
0.3 of the barometer previous to admit- 
ting air. 





The Gas Power Section of 
the A. S. M. E. 





The Detroit meeting of the American 
Society of Mechanical Engineers was 
marked by the first simultaneous meeting 
of its first special division, that devoted 
to gas power. Dr. Charles E. Lucke, of 
Columbia University, president of the sec- 
tion, was in the chair. 

The committee on standardization, the 
appointment of which was authorized at 
the February meeting, presented a prog- 
ress report which took the form of indi- 
vidual communications. 

J. R. Bibbins suggested that for small 
high-speed gas engines, brake horse-power 
should be used in rating. Although large, 
slowly moving engines may be indicated, 
it is difficult to draw the line where the 
use of the indicator should cease and 
power measurement in brake horse-power 
begin. In all tests of large engines, both 


indicator and electrical readings should 
be taken. Capacity, he thought, should be 
expressed on the basis of continuous 
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operation for full-load rating and for a 


definite number of hours at maximum 
overload. 

Overload Capacity—Conservative build- 
held down their 
overload rating to provide for operative 
contingencies, for example, weak gas. The 
range of fluctuation, or at least the lower 
limit in heat value, should be definitely 
stated, also the composition of the gas. 

Altitude—Engines rated at sea level will 
have an appreciable advantage over those 
rating at an altitude. In specifications it 
would generally suffice to state the alti- 
tude of the and the committee 
ight insert a table or curve showing the 


ers 


have consistently 


works 


theoretical decrease in engine capacity 
with increase of altitude. In case of very 
high altitudes, as Mexico and the far 


West, ratings would naturally be based 
on the altitude of the proposed installa- 
tion. 


Speed—Normal rated speed should be 


identified as that to be attained at full 
load; intermediate ratings implying, of 


course, slightly higher speed. 

Gas Supply—The general character of 
the gas and its fuel should be 
noted, its effective heat value under stan- 
dard conditions 


source 


(62 degrees Fahrenheit, 
30 inches of mercury, dry) and the amount 
of foreign ingredients present in grairts 
per cubic foot, percentage of free hydro- 
gen in the mixture, temperature of de- 
livery to the engine, and the permissible 


range in pressure or suction, also the 
permissible range in heat value or the 
minimum heat value. 

Speed Regulation—A_ definite speed 


variation should be stated in terms of 
drop from no load to full load, likewise 
iomentary variation for a definite range 
of load, in terms of normal average speed. 
Engine Efficiency—Should be expressed 
in terms of effective heat value until a 
combined gas-vapor cycle comes into use. 
For the present, let us not confound a 
definite engine efficiency by introducing 
the indefinite factor of latent heat of 
water vapor. Engine efficiencies should be 
given for full to half load at least. 
Producer Capacity—The producer 
should be rated upon its ability to gasify 
It would be more accurate to rate 
on B.t-u. output of standard gas, but this 
is impracticable. Should the builder de- 
sire to rate on a special coal, he might 
insert a clause limiting some of the con 
stituents. 


coal. 


In specifying sizes, a maximum 


as well as a minimum screen should be 
mentioned. A mixture of many sizes 
packs the producer as badly as a_ very 


small fuel. As a usual thing the flexibility 
of the producer will more than meet the 
overload possibilities of the engine. 
Producer E-ficigencey—Can only be speci- 
fied in terms of B.t.u. output, involving 
volumetric measurement, which it is usu- 
ally impossible to 


determine except by 


calibration of the engine. As we are de- 


pendent upon the engine as a gas meter, 


we must be consistent and determine the 





efficiency of the producer in like terms, 
that is, the ratio between heat output in 
standard gas, and heat input in fuel for 
the fire. 

Producer Regulation — An _ important 
point is the property of the producer as 
regards the regulation of heat value of the 
gas and its pressure as delivered to the 
engine. Quality regulation is covered by 
the engine-capacity clause “with gas of 
not less than so many B.t.u. heat value 
per cubic foot.” 

Content—This may be ex- 
pressed as a percentage by volume of the 
gas, a percentage by volume of combus- 
tible in the gas, a percentage of the heat 
value of the gas per mixture, or a 
centage by volume of the mixture. 


Hydrogen 


per- 
The 
last appears to be the most explanatory. 
The first conveys no impression of the 
commercial value of the gas. The second 
is better in this respect. The third pre- 
sents widely varying values. 

Properties of Gases—Mr. Bibbins sug- 
gested a comparison of authorities and the 
compilation of a table covering calorific 
different combustible constitu- 
ents at 30 inches of mercury, 32 degrees 
and 60 Fahrenheit; air oxygen re- 
quired for combustion; specific heat and 


values of 
and 


weight; this table to cover the ordinary 
constituents of gases, as well as a num- 
ber of the paraffin and olefine series, both 
saturated and unsaturated. 

Standard Gas—In general practice the 
volumetric correction for water vapor has 
been ignored, whereas the correction there- 
for is appreciable. On the basis of 32 de- 
grees Fahrenheit water vapor is entirely 
excluded by deducting from the total pres- 
sure of the gas the vapor tension of the 
entrained vapor at the proper temperature, 
which values may be obtained from a 
hygrometric table. 

luxiliaries—A definite statement of the 
gas, power, or coal consumption should 
be included in the specification. 

Thermal Standard—vVhe term “efficiency 
ratio,” the code and de- 
fined as ‘ 


— _— 
B.t.u. per h.p.-hr. 


made use of by 





is not the efficiency ratio in the generally 
the 
British code con 


sense; it is absolute or 
The 
tains the same term as thermal efficiency, 
but the term 
ratio,” which it defines as the percentage 
of heat available in the Rankine-Clausius 
cycle, which the engine turns into useful 
This term applied to the above 
appears to be a 


accepted 
kinetic efficiency. 
with 


elaborates “efficiency 


work. 


fraction misnomer. It 


might be better to refer to the term 
“absolute” for the fraction above noted, 
adhering to the term “efficiency ratio” 


when referring actual consumption to the 
The right start has 
been made in adopting the air cycle. The 
Rankine cycle assumes that the heat re- 
jected is returned to the boiler at the same 
Have 


ideal Rankine cycle. 


temperature as the exhaust steam. 
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we a direct analogy in the case of the wir 
cycle, or must we consider the rejected 
heat as lost? 

Gas Measurement—Assuming the hol- 
der as the only practical means of quanti- 
tative and tem- 
perature readings must be taken close to 
the holder outlet. 

Assuming that a _ standard will be 
adopted for the hygrometric condition of 
the gas, either dry or saturated, at 62 de- 
grees, it will be necessary to take hygro- 
metric readings of both gas and air enter- 
ing the engine, in order to determine the 
humidity of the mixture before combus- 
tion. 

Jacket Water—Volumetric measurement 
should be made at the inlet to cover the 
loss by vaporization in running the jacket 
water hot. The thermometer should be 
far enough removed from the engine to 
insure a good mixture of the water from 
the different circuits and yet not so far 
as to make the radiation loss important. 

Indicators—Would it not be well to 
recommend, or perhaps specify, that indi 
cators of the outside-spring type be em- 


measurement, pressure 


ploved? The steam code does not abso- 
lutely disbar the taking of successive 
cards from one indicator after another, 


and it tolerates the use of three-way pip 
ing. In gas-engine work it is seldom that 
two consecutive diagrams are exactly the 
same and duplicate and simultaneous dia- 
grams are more desirable. 

With respect to the contention between 
Professors Schroeter, Schoerttler, Stodola 
and Herren and Diesel, Mr. Bibbins be 
lieved that the only way out of the mud 
dle is to adopt a definite phraseology, anc 
of deducting all 
negative areas should be adhered to, but 
the net area resulting should not be 
labeled by the general “indicated 
horse-power,” but by some such term as 
“net” or The 
difference between the total and effective 
diagrams in the case of the two-stroke 


that the present practice 


term 


“effective horse-power.” 


cycle and Diesel engines is too great to be 
ignored. 

Speed—The present code declares “that 
there is no recognized standard for fluc 
tuating speed,” which I presume covers 
both reciprocating 
prime movers, and momentary variations 
Is there 
any reason why this ambiguity should not 


cyclical variation in 


due to sudden changes in load. 


be cleared up? 

Stopping and Starting—The problem is 
simple with a small suction producer hold 
ing but a small quantity of fuel, but with 
a 200- or 300-horse-power producer thi 
method prescribed by the present code is 
The 


the flying start and stop. 


alternative is 
Some methods 


impracticable. only 
covering these points in producer testing 
should be outlined. 
PRODUCER PERFORMANCE 
H. F. Smith, another member of the 
committee, and general manager of the 
Smith Gas Power Company, paid particu 
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lar attention to the question of producer 
verformance. He felt that while producer 
egulation might not be of such vital im- 
portance as engine regulation, it is, never- 
theless, sufficiently important to warrant 
It is possible to use, as a basis 
(a) The horse- 
power that can be developed from a gas 


liscussion. 


or producer capacity: 


engine supplied with gas from the pro- 
ducer, (b) the volume of gas generated 
in unit time, (c) the weight of coal gasi 


fied in unit time, and (d) the thermal 
energy delivered in gas in unit time. 
The first of these (a) is really only 


applicable to a complete power installa- 
tion; (b) is incomplete, and meaningless 
unless qualified by a specification as to the 
quality of each unit volume of gas, in 
which case it is simply a form of (d): 
(c) is also incomplete unless modified. A 
boiler furnace will convert into gaseous 
form large amounts of coal, but cannot be 
said to have any capacity as a gas genera- 
tor. The method of rating indicated as 
(d) has already been adopted as _ stan- 
dard for many forms of apparatus, and it 
would seem to the writer that an expres- 
sion indicating the thermal energy deliv- 
ered in gas in a unit of time could be 
used as a measure of the capacity of any 
producer used for any purpose. 

Two considerations come at once to 
prominent notice as exerting a marked in- 
fluence on plant the net 


for passage of 


capacity, first 
the 
through the apparatus; second, the rate 


available area gas 
at which the chemical reactions involved 
can be brought to completion. The first is 
influenced greatly by the size of the fuel, 
the worst possible case being found in a 
The 
second depends upon the superficial area 
of fuel exposed to the action of the blast, 
the time of contact between fuel and blast, 
and the temperature of fuel and blast at 


NTRS 


fuel consisting of a mixture of sizes. 


the time of contact. 

lt would appear that for the protection 
of the purchaser, the output of the pro- 
ducer in available thermal energy should 
be distinctly specified, while for the pro- 
tection of the manufacturer, the limiting 
conditions of performance, such as_ the 
size of the fuel, the fusibility of the ash, 
the quantity of ash per unit of thermal 
energy in the fuel, and the quantity of 
volatile matter, should be specified. 

J. B. Klumpp, a member of the 
“| Engine Committee of the National Elec- 
tric Light Association, said that the 
called “net” or “available” or “effective” 
heating values, as used in writing con- 





Gas 


5s0O- 


tracts or guarantees, are misnomers, and 


economizing appliances could be attached 
tO some apparatus to produce results of 
100 per cent., if these terms were 
¢ idered. The latent heat in the prod- 
of combustion is not lost until the 


nd air necessary for combustion are 
d at least to 212 degrees, when the 
j ‘sible heat amounts to a considerable 

portion of the total heat lost. It might 
well to express the “effective power 
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value” as being the true heating value less 
the latent heat contained in the 
vapors in the products of combustion. 


water 


THE BY-PRODUCT COKE OVEN 

This William Hutton Blau- 
vent, was the first paper presented. It 
dealt with the of the coke 
oven rather than with its availability as a 
producer, but brought out some interest- 


paper, by 


construction 


ing remarks by Mr. Bibbins regarding the 
coke ovens at Lebanon, which will supply 
The 
percentage of hydrogen is stipulated to be 
not aver 50, and it has been found that it 
can be kept down to that figure without 
difficulty. The 
oxide purifiers, and the gas can be ren- 


gas for the public-service companies. 


sulphur is removed by 
cered comparatively free from sulphur by 
At the end of 
reduction is 


renewing the oxide weekly. 
the about 75 
The amount of sulphur in the 


a week's run 


per cent. 
gas produces no deleterious effect upon 
the the 
are protected by forced lubrication. At 


engine so long as piston-rods 
the cost at which it is possible to supply 
this gas, it would be entirely out of the 
The 
critical feature of the situation is that the 
coke company will not guarantee a supply 


question to operate a steam plant. 


of gas, but simply sells it as it is produced, 
and the user has to take it as it comes. 

C. P. Atwater suggested that corrosion 
from sulphur could be avoided by running 
the cylinder hot enough to climinate all 
moisture in the exhaust gases, so that the 
sulphur could not be taken up by the 
water and attack the rods. 
inquiry, Mr. Bibbins told him that there 
were 3 grains per cubic foot of g 


In reply to his 


gas. The 
rods had been calipered after having been 
inl service for a year, and there was very 
little variation in diameter. 

Professor Fernald said that in the Gov- 
ernment testing station at St. Louis they 
had tested bituminous coal, lignites and 
peat; the highest percentage of sulphur 


The 


was 8.2 in the California lignites. 


gas from these coals was used without 
any remarkable effects in their engines 


the sul- 


carried to 


without any attempt to remove 
phur. When the plant was 
Norfolk, they left the purifier in St. Louis. 
The engine has shown no pitting, even 
when examined with a magnifying glass. 

Mr. 
difficulty had been encountered in lubri 


Rathbun said that in a case where 


cating the piston-rod of a gas engine, he 
had suggested that hot, rather than cold, 
water be circulated through this member, 


the adoption of which suggestion obvi 
ated the difficulty. 
POWER PLANT OPERATION ON 


PRODUCER GAS 

In a paper having the above title, God- 
frey M. S. Tait described a series of ex- 
periments which led to the design of his 
gas producer for power producers, and 
also described his producer system. The 
peculiarity of the the 
method of keeping down the temperature 


system lies in 
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of the fire to avoid clinkering; this con- 
sists of delivering to the producer fire a 
and engine-exhaust 
The 

eliminates hydrogen from the fuel gas de- 


mixture of air 
instead of 


gas, 
air and steam. result 
livered by the producer to the engine, and 
also avoids fluctuations in the quality of 
the gas and permits the engine to work 
with higher compression than would other 
wise be practical. 

-In the ensuing discussion, Mr. Smith 
said he thought that Mr. Tait had put his 
the 
practice—the variation in the percentage 


finger on weak point of producer 
His company had applied a 
that of 


percentage of 


of hydrogen. 


different solution, maintaining a 


constant hydrogen. He 
thought that the use of the exhaust gases 
containing a large amount of inert nitro 
gen might be prejudicial to efficiency, as 
had been pointed-out by Mr. Loomis. 
Mr. Stillman said that at the time of the 
meeting in New York he was just start- 
ing to build a producer of a most peculiar 
This had turned 


because it 


type. out not to be a 
was not possible to 
When they broke 


through the clinker, they burned a_ hole 


success, 


clean it out properly. 


through the 12 inches of the conerete bed. 

I. W. Jones said that he was indirectly 
in charge of 700 gas engines, and he had 
yet to see the first engine that had failed 
to operate successfully or a case where 
the owner had complained of his gas bill 
or of the reliability of the engine. He 
had visited a plant where Mr. Tait’s pro 
ducer was at work and the engineer abso 
lutely did not have to get out of his chair. 

Mr. Tait, in closing the discussion, said 
that while the thermal efficiency of his 
producer might not be quite as high as 
that of others, the combined efficiency of 
the whole plant would be as high, or 
higher, on account of the improved effici- 
cney of the engine. 

OTHER PAPERS 

Other papers read before the Gas-power 
Section 
tion Efficiencies of and 
Oil Engines,” by Lionel S. Marks, and 
“A Simple Method of Cleaning Gas Con 
by W. D. Mount. 
be abstracted briefly, but 


were: “The Horse-power, Fric 


Losses and Gas 


duits,” These cannot 


will be given 


space in another issue. 





Other Features of A. S. M. E. 
Meeting at Detroit 


During the evening of Wednesday, June 
24, the society listened to a lecture by Dr. 
John A. 
of Photography to 
Stellar 
large, and to those who 


Brashear on “The Contributions 
our Knowledge of 
The attendance 


Evolution.” was 


were not ac 
quainted with the revelations of the photo 
graphic telescope, the lantern slides were 
themselves revelations. 

Thursday morning there was an excur- 
the Great Lakes 
Ecorse, to -witness 


Engineering 
the side 


sion to 


Works, at 
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launching of a 10,500-ton lake steamship. 
The trip was by water. 

The professional sessions were resumed 
Thursday afternoon by the reading of a 
paper on “The Surge Tank in Water 
Power Plants,” by R. D. Johnson. The 
paper describes a device intended to aid 
in the speed regulation and pressure relief 
of water powers with long pressure pipes 
and high velocities. The device is simple 
enough mechanically, but the determina- 
tion of its proportions is a matter of some 
difficulty and the paper is consequently 
quite mathematical, as was the discussion. 

The second paper was entitled: “Some 
Pitot Tube Studies.” It was submitted by 
Profs. W. B. Gregory and E. W. Schoder. 
The paper describes some experiments 
undertaken to determine the effect of 
curves in pipes as regards the distortion 
of the distribution of velocities, together 
with the distribution of velocities in the 
curve. The paper contains both diagrams 
and tables, summarizing the results of the 
experiments. 

The third paper was: “A Comparison of 
Screw Thread Standards,” by Amasa 
Trowbridge. The paper gives curves com- 
paring the Pratt & Whitney standard 
thread for machine screws, the United 
States standard bolt thread, the standard 
of the Association of Licensed Automobile 
Manufacturers, and the machine-screw 
standard of the society. The paper was 
read by Mr. Burlingame, who also dis- 
cussed it. He stated that for many pur- 
poses the Brown & Sharpe Manufacturing 
Company had long used a finer thread 
than that of the United States standard, 
and he offered a formula of his own de- 
vising for a standard to meet conditions 
for which that standard is unduly coarse. 
This formula, while different from that 
on which the society’s machine-screw 
standard is based, gives nevertheless the 
same results for all screws included within 
the range of that standard, while, ex- 
tended beyond that range to larger sizes, 
it falls in essentially with the Brown & 
Sharpe practice. 

It was pointed out in the discussion that 
there is a real need and demand for many 
purposes for finer threads than those given 
by the United States standard, and that 
under these circumstances miscellaneous 
shop standards are springing up. It was 
urged that under these conditions the time 
is ripe for the society to provide a stan- 
dard to prevent the further growth of this 
diversity and a_ resolution was _ passed 
calling upon the council to appoint a 
committee for this purpose. 

The concluding paper of the session was 
entitled: “The Identification of Power 
House Piping by Colors,” by W. H. Bryan. 
The paper pointed out that the number, 
extent and variety of pipe lines in modern 
power plants has become so great as to 
result in confusion, uncertainty, delay and 
even accident, a condition which in many 
plants has led to the painting of different 
lines with distinctive colors. The author 
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believes that a standard scheme of colors 
would be extremely advantageous and that 
the formulation of such a standard is an 
appropriate subject for the society to 
take up. 

The discussion was entirely favorable 
to the idea and it resulted in a resolution 
referring the matter to the council with 
power to appoint a committee to under- 
take the formulation of such a scheme. 





Defects in an Indicator Reducing 
Motion 





By Wa ttTer H. ADAMS 





A short time ago the writer designed a 
reducing motion for a gas engine, which 
did not prove satisfactory as originally 
designed, and was corrected as outlined 
in the following: The motion was de- 
signed rather hastily, and no method of 
checking was applied to see if a proper 
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and reduced the maximum pressure in the 
engine cylinder at explosion. 

Anyone familiar with gas-engine test 
ing knows that it is difficult to secure : 
satisfactory reducing motion owing to th: 
lack of a suitable point for its attachment 
The most simple reducing motion that wa 
considered usable was the form of four 
bar linkage known as the crank an 
rocker. It is shown in Fig. 1. The cran! 
A rotates with the shaft of the engine, an: 
this rotary motion is transferred to th 
rocker B through connecting-rod C. Arn 
B rocks between the limits B and B 
The fourth link is stationary and i 
formed by the frame of the engine. It is 
shown dotted at D. Shaft F carries a cir 
cular sector E such as is used on many 
reducing motions. This sector rocks with 
B and forms an attachment for the cord 
to the indicator. 

This reducing motion cannot give an 
exact reproduction of the piston motion 


under any conditions, as the angle @, can- 
not equal @,. 


The angles can be made 
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reproduction of the piston motion was 
procured. 

Tests on the engine showed uniformly 
an efficiency of over 100 per cent. om all 
loads except the lightest. This, of course, 
showed a defect somewhere, and careful 
checking of all the factors that entered 
into the efficiency brought the error to the 
reducing motion. The indicator was 
tested, revolution and working - stroke 
counters were examined and the friction 
brake was carefully inspected during the 
test to make sure that it registered the 
proper load on the engine. The effect of 
a bad reducing motion had never been 
brought to the writer’s attention in such 
an emphatic manner, and so it was the 
last factor that was examined to find the 
trouble. 

The engine was a 7-horse-power, four- 
stroke-cycle, stationary, horizontal ma- 
chine of Foos make with a hit-or-miss 
governor, and had a speed of 325 revolu- 
tions per minute during the tests. The 
gas-supply pipe was not large enough, 
which caused a throttling of the mixture 
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nearly equal, and in this case this was 
done. 

As originally laid out crank A _ coin- 
cided in position with the crank of the 
engine, as shown in Fig. 1. Using this 
linkage the full curve of Fig. 2 was drawn, 
the abscissas representing crank angles 
measured from the zero position and the 
ordinates representing the unwinding of 
the indicator cord from the circular sec- 
tor E or the motion of the indicator drum. 
In this curve it will be noticed that the 
zero position of the crank does not give 
the zero position of the drum. On this 
same diagram was plotted the piston dis- 
placements from the dead-center marked 
zero. These are plotted to the same scale 
as the indicator-drum motion, the rati 
of the crank to the connecting-rod being 
one to six. 

These two curves show the relation | 
tween the piston displacement from 
dead-center and the drum displacem«itt 
from its dead-center for any position of 
the crank. For example, at point 6 the 
piston is displaced 1% inches while | 
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drum is displaced 1 1/16 inches. A study 
of the curves shows that the displacement 
of the drum from its dead-center does not 
-oincide with the displacement of the pis- 
‘on from its dead-center for the same 
crank position. The full curve was 
sketched on tracing cloth and then moved 
over the dotted curve until the two zero 
positions coincided. The two curves then 


had the form shown in Fig. 3. This dia- 
gram is secured by setting the crank A 
15 degrees ahead of the engine crank. 
The full curve lags behind the dotted 
curve by the distance L to M, Fig. 1, or 
15 degrees. In other words, when the pis- 
ton is on dead-center, the indicator drum 
has a small distance to move before it 
will reach one extreme of its motion. 


™ Area = 0.625 Sq. In. 
ae 
\ ' a 
1 6 cs 
: 9 ll 12 
10 +118 
23° «22 21 2 ly 1 i 16 14 
FIG. 4 
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This is not desirable in any reducing 
motion. In Fig. 3 the diagram shows a 
agreement between the two curves 
and is considered sufficiently accurate. 


close 


[INDICATOR CARDS AS A CHECK 


A 160-pound spring was used through- 
Out tie series. Fig. 4 shows a card taken 
with the original reducing motion. It is 
hin, and the pressure is not as high 


Tathe 
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as it ought to be. This was attributed to 
the fact that the gas supply was inadequate 
under the present arrangement of piping. 
A comparison of brake horse-power and 
indicated horse-power showed an effici- 
ency of about 103 per cent. 

This card was fastened to the drawing 
board and ordinates drawn at the points 
corresponding to the various crank angles, 


FIG, I 


as shown. Two new cards were then con 
structed to make the old card fit the 
curves in Fig. 3. These cards are shown 
in Fig. 5 and 6, Fig. 5 being for the full 
curve and Fig. 6 for the dotted curve. 
The method of procedure was to scale the 
pressure at the point o in Fig. 4 and lay 
off the measurement as an ordinate at 


point o in Fig. 5. In the same way the 


1 '2 ., Area —0.96 Sq. In. 
2 ' 
4 
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= 
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other points were determined, and this 
was repeated for Fig. 6. 

In Fig. 8 the cards of Figs. 4, 5 and 6 
are shown superimposed, and show at a 
glance the effect of the bad reducing mo- 
tion and in addition the variation between 
the motion as it is now in use and what 
it should be if it were absolutely correct. 
The cards were then measured with a 
planimeter, and the areas obtained are 
given on the figures. 

Fig. 6 shows the card that would be 
secured if the reducing motion gave an 
exact reproduction of the piston motion. 
The difference in area of Figs. 5 and 6 is 
about 3 per cent. The mean effective 
pressure will vary by the same per cent., 
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but this is considered sufficiently accurate. 
If greater accuracy is desired, any card 
may be reduced to that of Fig. 6 by the 
same method. The effect of changing the 
reducing motion was to increase the area 
of the card from 0.625 square inch te 
0.96 square inch, or 54 per cent. 

Fig. 7 shows a card taken from the en 
gine after the reducing motion had been 





adjusted as previously explained. The 
condition of loading and speed were as 
nearly identical with those when Fig. 4 
was taken as was possible. A compari 
son of Figs. 4, 5 and 7 show that the 
original trouble has been corrected, as the 
area and the shape of the card show a 
fair agreement with Fig. 5. It is almost 
needless to say that the efficiency is now 
a reasonable value for that type of engine. 

A study of the present case has im 
pressed very forcibly upon the writer the 
necessity of being sure that the reducing 
motion gives a correct reproduction of the 
piston motion. Many of the reducing mo 
tions in use at the present time do not 
give a correct reproduction of the cross 
head or piston motion, but it is taken for 
granted that they give a close enough ap 
proximation. By using the method out 
lined any reducing motion can be checked 
and its accuracy determined. 

iNo generai rule ior the allowable error 
can be given. It cannot be said off- 
hand that this reducing motion is good 
enough or that one should be thrown 
away. The pantagraph and most of the 
reducing wheels made by indicator manu 
facturers give motions theoretically cor- 
rect, but the stretch of the cord and the 
inertia of the drum and moving parts in 
troduce defects of greater or less magni 
tude. Every user of an indicator should 
test it, and then decide if it is accurate 
enough for his purpose. For testing small 
engines and valve setting, a high degree 
of accuracy is not required. If a test is 
to be made on an engine to determine 
whether or not it fulfils certain conditions 
specified in the contract, then the indi- 
cator and reducing motion should be 
tested thoroughly, as the acceptance or re- 
jection of the engine may depend upon 
them. 
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Receiver Pressure and Distribution 


of Load 


The question of receiver pressure and 
proper distribution of load between the 
cylinders of compound engines is of prac- 
tical interest to most engineers. It is as- 
sumed by some that in all cases an equal 
amount of work should be done in each 
cylinder ; that the receiver pressure should 
not be lower than the release pressure of 
the high-pressure cylinder, and that if 
there is to be any difference in the amount 
of work done in the cylinders, the low- 
pressure cylinder is the one in which the 
extra work should be performed. 

There are several reasons for the in- 
stallation of compound engines in power 
plants, the chief of which is the economy 
of its operation as compared with the 
operation of a simple engine. This reason 
is sufficiently good to make the statement 
of any other reasons unnecessary. As the 
engine is installed primarily for economi- 
cal reasons, it would seem that the 
economy of its operation should be of 
prime importance—a matter to be abso- 
lutely Theorizing and guess- 
work will not yield data from which re- 
liable conclusions can be drawn. Only in- 
telligent combined with logical 
analyses of the results, will determine the 
best course to be pursued under each set 
of conditions. 

It may be taken for granted that the 
hight at which the governor 
when the engine is carrying a given load 
determines the length of cut-off and is 
undoubtedly a measure of the quantity of 
steam used. The higher the governor the 
shorter the cut-off. If with the governor 
revolving at a certain hight a change is 
made in the receiver pressure, by altering 
the point of cut-off in the low-pressure 
cylinder, the governor will at once take a 
different position, either higher or lower 
than before. With the governor revolv- 
ing in the highest possible position with a 
given load on the engine, it is evident’ that 
the engine is using the least possible quan- 
tity of steam for the work being done. 
This being true, it follows that in seek- 
ing for the highest degree of economy in 
the operation of compound engines no at- 
tention will be paid to the distribution of 
load between the cylinders, or to the re- 
ceiver pressures as such, except as factors 
in the problem of finding the highest pos- 
sible plane in which the governor can be 
made to revolve with a given load on the 
engine. Possibly with some loads, some 
cylinder ratios and some steam pressures 
this plane may be found when the steam 
in the high-pressure cylinder is expanded 
to receiver pressure and an equal amount 
of work is being done in each cylinder; 
but much oftener it will be found when 
there is a drop of from five to fifteen 
pounds the high-pressure ex- 
haust opening and the réceiver, and a dif- 
ference in the amount of work done in the 


assured. 


tests, 


revolves 


between 
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cylinder of from 5 to 20 per cent. of the 
total work of the engine, the larger 
amount being done in the high-pressur: 
cylinder. 





The Saving of Oil 


Within the last ten years the railroads 
of the United States saved. one million 
dollars in the cost of oil used by them, 
as shown by the statistics brought out in 
the hearings of the Government suit 
against the Standard Oil Company. 
Although this total covers the savings of 
seventy or more railroad companies, its 
significance is greater when it is consid- 
ered that railroad rolling stock and equip- 
ment are much heavier than ever before. 
Locomotives are a third larger and 
heavier, an increase has been made in the 
weight of freight and passenger cars, and, 
to correspond, the total bearing surface is 
much greater than it was ten years ago. 
Some of the roads show an annual de- 
crease in the cost of lubrication of from 
seventy-five to eighty per cent. over simi- 
lar data recorded a decade before; others 
a decrease of sixty, fifty and forty per 
cent. Of the entire seventy systems, only 
five show an increase, and this, according 
to expert opinion, was due to the non- 
adoption of modern methods. 

It is the consensus of railroad opinion 
that the effected by the 
cooperation of the various companies with 
expert educators employed by the Galena 
Signal Oil Company, which supplies oil to 
ninety-seven per cent. of the railways in 
this country. These educators are constantly 
at work instructing the engineers and oil- 
ers as to the most economic use of oils, 
and are always ready to consider any im- 
provement in constructional detail tend- 
ing toward economy. This, of course, is 
but natural when considered from the 
standpoint of the Galena company, which 
agrees to lubricate a railroad for ninety per 
cent. of the cost for the same service prior 
to the first contract. If the railroad uses 
more oil than the contract calls for, the 
oil company is the loser, so that it is to 
its interest to effect as great a saving as 
possible. 

If under adverse conditions a saving of 
the amount stated can be effected by the 
railways, is it not possible to produce as 
great, or, perhaps, a far greater saving in 
the power plant? Are the average sta- 
tionary engineer and oiler men of greater 
intelligence or more proficient in their 
professions than the locomotive engineer, 
or are the condftions so widely different 
that a comparison is impossible? Is the sta- 
tionary engineer better acquainted with 
the lubricating qualities and the selling 
price of oil than the man at the locomotive 
throttle, or can he conduct a test to better 
advantage in determining the constituents 
of the oil? After a fair consideration, the 
answer in all probability will be negative, 
and it will be agreed that the average sta- 


saving was 
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tionary engineer is not above a little ex- 
pert instruction in lubrication matters. 
With this point in mind, it is needless to 
say that an arrangement similar to that 
enjoyed by the railways of the country 
would be of great value in the power- 
plant field, and, besides offering a course 
of instruction to engineers in general, 
would mean a considerable saving to plant 
owners. 





The Operating Steam Engineer 





There were things said of him at the 
recent meeting of the American Society 
of Mechanical Engineers which will not 
add to the self-esteem of the operating 
steam engineer. One of the papers pre- 
sented dealt with some tests of small high- 
speed engines, made after they had been 
running for some time, and without any 
attempt to put them into test condition. 
They showed that the engines were using 
two or three times as much steam as such 
engines are commonly supposed to re- 
quire. Most of the engines had balanced 
valves with adjustable cover plates, and in 
the discussion of the paper it was very 
seriously questioned whether it paid to 
expend so much brainwork upon the de- 
sign and so much money upon the con- 
struction of refinements which depended 
for their successful operation upon a set 
of men who did not understand and could 
not appreciate them. 

lo the onlooker the discussion would 
have appeared to have been anything but 
complimentary to the operating engineer. 
As a matter of fact the operating engineer 
was not involved. The adjustment and 
the keeping up to its work of a balance 
plate is one of the simpler details of an 
engineer’s job. A man who could not only 
not adjust such a plate, but tell when it 
needed adjustment and keep the engine up 
to its initial efficiency, has no claim to be 
called an engineer. The trouble is that 
the purchasers of such engines do not put 
them in charge of engineers, but of labor- 
ers. We do not know where the tests in 
question were made, but we venture to say 
without fear of successful contradiction 
that the men in responsible charge of these 
engines were considered as laborers, not 
as responsible heads of departments; that 
they had discharged all the duty that was 
expected of them when they kept the en- 
gine turning over the requisite number 
of hours per day; that they were held in 
no way responsible for the steam con- 
sumed, and would get no credit if they 
saved a half of it; that instead of being 
expected to keep the engine up to the 
mark, they would, in most instances, be 
reprimanded for taking it apart; that in- 
stead of being paid for the overtime neces- 
sary for such inspection and adjustment 
while the engine is out of service, or, bet- 
ter, a salary which would encourage such 
out-of-hours service, the men are paid less 


POWER AND THE ENGINEER. 


than their fellow laborers receive for lay- 
ing bricks in a row and pasting them to- 
gether with mortar. 

There are plenty of good steam engi- 
neers to be had. We will supply Mr. 
Engine Builder or Mr. Engine Buyer with 
men who will keep their machines up to 
the best efficiency, and at the same time 
will get the best out of the boiler pumps 
and entire system, but not for two dollars 
a day. 

It is not fair that the craftsmanship of 
the steam engineer should be thrown into 
disrepute because men employ laborers 
and dub them “engineers.” 

Another left-handed compliment to the 
steam-engine runner was handed out in 
the session of the Gas Power Section 
when one of the participants delivered 
himself of the dictum that “If you want a 
man to take care of a gas engine, don’t 
take a steam engineer. He has too much 
to unlearn. Take a good machinist, show 
him the few simple things that are neces- 
sary for him to do and charge him to 
leave the engine alone otherwise. You 
can make a better attendant in two weeks 
out of a machinist who has never seen an 
engine before than out of a man who has 
run a steam engine all his life.” 

Another case of laborer, and a bad one. 

The gas engine is on trial for its life. 
It has demonstrated its superior efficiency 
from the fuel point of view, and the costly 
period of experimentation is drawing 
toward that of standardization and lower 
first cost; but the buying public needs 
assurance of its dependability. An inter- 
rupted service may easily offset a fifty per 
cent. saving in the coal bill. The demand 
is for men who know as much about the 
processes involved in the gas producer as 
a first-class steam engineer knows about 
boiler practice, for men who can select a 
plant adapted to the work that it is to per- 
form and make it do that work dependably 
and continuously as well as economically. 
There are such men, men who _ have 
studied the gas engine from the operative 
point of view, who have studied the prin- 
ciples involved, have learned the essentials 
of effective operation, who understand the 
requirements and limitations of the pro- 
ducer and the mechanism of the engine, 
who are acquainted with the crotchets of 
the outfit, capable of quickly diagnosing 
trouble and applying the proper remedy, 
wise in the ways of the apparatus and 
competent to foresee and head off diffi- 
culty. Such men would have turned many 
of the failures which stand charged to the 
record of the gas engine into abundant 
and assuring successes. It is the cheapest 
kind of short-sighted policy to discourage 
the development of men like these by put- 
ting expensive installations of gas-power 
producing apparatus into the charge of 
men whose only qualifications for the job 
are the ability to handle tools, for which 
they will have no use, and a two-weeks’ 
instruction course under an erecting man. 
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Lead and Compression 


In discussing a question of lead and 
compression the engineer is more natu- 
rally inclined to twist his logic to fit his 
preconceived idea than to take each ele- 
ment in the case and analyze it. The engi 
neer who wishes to see what he considers 
a handsome indicator diagram, with per 
pendicular induction lines showing ample 
lead of steam valves and a compression 
curve rising to about two-thirds of the 
hight of the diagram, gives warm welcome 
to the statement that compression does 
not cost anything because the compressed 
steam, in expanding, gives back to the fly 
wheel all of the energy absorbed in the 
compression and fills the clearance space 
with steam without cost of coal or energy. 
He assumes that this is true and bases his 
argument upon it without analysis and his 
conclusions will be right or wrong (how- 
ever logical they may be), as the premises 
assumed are right or wrong. There is 
the other engineer, however, who is also 
particular about the appearance of the 
indicator diagram and who maintains that 
a correct analysis of the statement that 
compressed steam in expanding will give 
out as much energy as it absorbed in the 
process of compression will show that the 
statement is untrue; the expanding steam 
cannot give back all of the energy it has 
absorbed. This being true, compression 
instead of being had for nothing will cost 
something. This class of engineer argues 
that any machine should be allowed to 
perform its work as little hampered by in 
ternal friction as possible, if the operator 
desires to get the greatest output with the 
smallest possible expenditure of energy. 
Lead and compression introduce pressure 
in the cylinder at a time when ressure 
cannot possibly have a forward rotating 
effect upon the crank-shaft, and as steam 
is used in the engine for the sole purpose 
of turning the shaft, all steam and energy 
that do not tend to this end are wasted. 
He claims also that lead and compression 
create friction on all bearings and tend to 
retard the rotation of the shaft. 

It lies within the power of many engi 
neers to test the correctness of these two 
opposite views. Take an engine which 
has a constant load. Take indicator dia- 
erams with the valves set in the conven 
tional manner, giving both lead and com- 
pression. Then change the valve setting 
so that there shall be an absence of lead 
and compression. Let the admission line 
lean inward slightly and the compression 
line be hardly noticeable and again indi- 
cate the engine. As the effective work 
of the engine is the same in_ both 
cases, if there is any difference in the 
indicated horse-power this difference will 
show whether there is any basis for 
the claim that compression nullifies the 
effect of clearance and does not cost any- 
thing. 
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Cooling Condensing Water by 
Means of Spray Nozzles 


Cooling condensing water by means of 
a spray system provides a water supply 
independent of any outside source, other 
than that sufficient to supply the small 
amount of water lost by vaporization, for 
which purpose a dug well usually will 
furnish all that is needed. At the plant of 
the Delta Spinning Company, Frankford, 
Philadelphia, Penn., a spzay-cooling sys- 
tem has been in operation a little more 
than one year. The steam plant consists 
of five 150-horse-power  return-tubular 
boilers and one 800-horse-power Corliss 
engine operating with an average load of 
650 horse-power. The engine is operated 
condensing, a jet condenser being located 
in the basement. The boiler feed-water 
passes through a heater placed between 
the engine and the condenser. FIG. I. PART OF THE SPRAY SYSTEM AND ONE OF THE PONDS 

When the condensing system was first 








installed, two cement-lined ponds were water in these ponds (94,000 gallons) temperature of the water remained alto 
constructed, each 50x150 feet and 7 feet would permit of its being used over and_ gether too high for efficient service. J. M 
deep. It was thought that the amount of over again for condensing purposes, but the Foreman, of Schutte & Koerting Com 






































IIIT ; — — — ALLIETT. ————— 
T 
Gc 
' T sy P. 
b Lower Pond y y ae = Upper Pond 
Y Us ) Mquajizing 
4 Valve sk | 7 see J 
ge — 150-0 Se 150-0 
Y = 2 
y = ~ sie ee 3 
y 68 Degrees a 70 Degrees = 16 Degrees 
’ ~ 
iY | S ' 
1 2) 2gree } 
Y | VAN’ 34 Degrees 84 Degrees 84 Degrees ' 
Y 
y 
Y | t ¥ Y Y v ¥6"Pipe _ x ¥ Vy \ ‘ ¥ Y 
’ — - —— a f j } t sl = ; eo 
¥, ti 4" Pipe , o Pipe | amen bees _ 6’ Pipe 5’ Pipe 4° Pipe 
Z Well 10" Equalizing Pipe 1 6’Pump Discharge Pipe 
>) 66 Degrees Hot Well 





=X 


ip 
| = 






Ina Degree Discharge 
. 
to Condenser 


Supply Pipe 90 Degrees Al 


Pump Suction 


} { v 
A Une t 
y i Y 
Centrifugal Pump { ii f 


E} 


1l4 Degrees 











‘ 


FIG. 3. PLAN VIEW OF PONDS AND SPRAY-SYSTEM LAY-OUT 





ret pany, Philadelphia, was consulted, with 
/z ; the result that the spray system illustrated 

in Figs. 1, 2 and 3 was installed. Figs. 
1 and 2 are reproduced from photographs 
of the ponds, and Fig. 3 is a plan view 


of the ponds and spray-system lay-out. 
Referring to Fig. 3, the condensing 


water is discharged through an 8-inch pipe \ 
at A, and, running through the sluicewa) f 


B, falls 2 feet into the hot-well, wher« 
the temperature of the water is lowered, 
due to a small amount of water which is 
permitted to enter the hot-well from th« 
upper pond through a Io-inch equalizing 
pipe. The water is taken from the hot 
well through the pump suction of a 5-incl 
centrifugal pump and discharged through 
the twelve spray nozzles under a head of 
14 pounds. The discharge pipe from th 
pump is 6 inches in diameter and dis 
charges into the 6-inch spray header mid 
way between the two ends. The spray 
FIG. 2, ANOTHER VIEW OF THE SPRAY SYSTEM header is reduced to 5-inch and 4-inc! 
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fEMPERATURE OF UPPER AND LOWER PONDS, AIR AND WEATHER CONDITIONS. 


Sept. 4 
Sept a) 
Se 6 
x 7 
Sept 9 
Sept. 10 


a) are 


Sept. 12 


Sept. 18.2625 


Sept.714 
Sept. 16 
Sept. 17 
Sept. 18 


Sept . 19 


Sept.T20.... 


Sept. 21 
Sept. 23 
Sept. 24 
Sept. 25 


Sept. 26 


A ee 


Sunday) 


Sept. 27 
Sept. 28 
Sept. 30.. 
Oct 1 
Oct. 3. 
Oct. 4 
Oct. 5 
Oct. 7 
Oct. 8 
Oct. 9 
Oct. 10 
Oct. 11 
Oct. 12 
Oct. 14 
Oct. 15 
Oct. 16 
Oct. 17 
Oct. 18 
Oct. 19 
Oct. 21 
Oct.722 
Oct. 23 
Oct { 
On 5 
\% 6 
8) g 
Oct ) 
Oct 

8) 

N 

N 

N 

N 

N ) 


Upper 
Pond. 


78 


82 


66 
76 


8 A.M. 


Lower 
Pond. 


76 
80 
83 
86 
80 
77 
78 
79 


58 





5 P.M. 
Upper Lower 
Pond. Pond. 

86 79 
90 84 
90 86 
84 84 
84 79 
84 79 
86 81 
83 80 
84 0 
- 12 eae 
84 79 
87 82 
82 78 
80 75 
83 77 
81 75 
84 78 
79 77 
76 72 
78 72 
79 72 
77 70 
74 70 
74 68 
78 69 
78 72 
74 12 ——— 
73 67 
72 68 
71 66 
73 66 
76 69 
70 68 
64 58 
66 59 
70 63 
74 66 
77 68 
72 64 
67 59 
71 60 
84 62 
86 64 
90 68 
84° 62 
82 60 
84 62 
85 63 
86 64 
90 68 
84 64 
76 58 
84 63 


Temp 


66 


INNANANH 1 
Bt QO 09 © GO OO Sr ae Cre 


a~ 
[=>] 


60 


NN NN mm me en es ee es es ee ee ee ee ee ee ee een ese esr ewww nen nnn anrnnenrnn nnn nner nse ee ee 
e e : fez) 
= 
Cc 


Air. 


Weather. 


Hazy. 

Cloudy and damp. 
Rain. 

Hot and cloudy. 
Hazy. 

Cool and cloudy. 
Clear. 


Cloudy and damp. 


Rain. 
Clear and cool. 


Hazy. 
Clear and hot. 
Hazy. 


Rain. 


Cloudy. 
Rain. 


Rain. 
Clear. 
Clear and cool. 


“ 


Cloudy. 
Rain. 
Cloudy. 
Clear. 


Rain 
Clear 
Clear. 


Rain 
Clear 


Clear. 


a 


Cloudy. 
Rain. 


Clear. 








85 


pipes on both sides, each size of header 
supplying two spray nozzles. Each set of 
six spray nozzles can be cut out of opera- 
tion at will by means of the valves shown. 

The spray nozzle shown in Fig. 4 is of 
the centrifugal type, in which the water is 
given a centrifugal motion and, upon com- 
ing in contact with the atmosphere, is 
divided into particles, or spray. In this 
form, as it is projected through the air, 
the water creates its own continuous cur 
rent. The act of disintegrating the water 
carries with it a lowering of the tempera 
ture, which added to the effect of the air 
current reduces the water temperature to 
nearly that of the surrounding air, or a 
temperature sufficiently low for condens- 
ing purposes. The water passes from the 
upper to the lower pond through a 10-inch 
pipe which is fitted with an equalizing 
valve, the stem and hand-wheel of which 
extend above the water level of the pond, 
as shown at &£, Fig. 3. From the lower 
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FIG. 4. A SPRAY NOZZLE 


pond the water passes to a well, which 
was already dug, and from the well to the 
condenser. 

On the day of the writer’s visit to the 
plant the temperature of the water dis- 
charging from the condenser was 114 de- 
grees. This high temperature was due to 
the condenser being a little too small for 
the amount of steam it is forced to han- 
dle. The temperature in the equalizing 
or hot-well was 90 degrees, and the water 
escaped to the air after passing through 
the nozzles at a teniperature of 84 degrees. 
The temperature of the upper pond was 
76 degrees, while that of the lower pond 
was 70 degrees at the upper end and 68 
degrees at the lower end. The well tem 
perature was 66 degrees. This made a 
drop in the temperature of the condens 
ing water from the time it came from the 
condenser until it was used again, of 48 
degrees. 

The accompanying weather chart gives 
the results compiled by W. R. Garsed, 
general manager of the Delta Spinning 
Company, of observations during Sep 
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tember and October and a portion of No- 
vember of last year. The conditions 
found during September and October 
afford a fair conception of what may be 
obtained during the warmer months of 
any year. The log gives the temperature 
of the upper and lower ponds at 8 a.m. 
and 5 p.m., also the air temperature and 
weather conditions both morning and 
afternoon. 

Before the spray system was installed 
the condenser received its water from a 
small creek, but owing to the large amount 
of refuse in the water a vacuum of only 
22 inches could be obtained, on account of 
the valves becoming clogged with dirt and 
sediment. This necessitated operating the 
five boilers in the plant in order to carry 
the load. Since the spray nozzles have 
been installed four boilers carry the load 
and a vacuum of 2614 inches is maintained 
on the condenser. 

The total cost of this system should not 
be used as a basis in estimating the cost 
of constructing a spray system of similar 
size, as the expense of making the ponds, 
which are not necessary, amounted in 
round numbers to $3000. The cost of the 
spray system was $900, which includes the 
centrifugal pump, spray nozzles, piping, 
etc. The cost of labor required for in- 
stalling the system in this instance was 
practically nothing, the work being done 
by the engineering force at the works. 
The system is so simple that any engineer 
can easily construct it, the cost of the in- 
stallation being confined to the cost of the 
pump, nozzles, piping and construction of 
the cooling area. 

In many instances the cooling pond is as 
nature made it, all ready for use, as is the 
case of the Cleveland municipal electric- 
light plant, where a natural shale-bottom 
pond is located close to the station. This 
plant consists of three water-tube boilers, 
of 265 horse-power each, and one 500- 
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supply pipes are 8 inches in diameter and 
are placed 20 feet apart. The 2-inch cross- 
pieces, each holding two spray nozzles, 
are 10 feet apart. As the cross-arms are 
10 feet in length, a distance of to feet 
is maintained between the spray nozzles. 
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lower in the center, where a cold-water 
well has been located. The water flows 
from this well through a 20-inch pipe int 
another well which is made double, one 
half containing cold water. To each half 
of the well is piped an 8-inch centrifuga! 
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l4 Standpipe 


FIG. 5. 
valve, as shown. The header pipe is fit- 
ted with a stand-pipe near the side of the 
building, as seen in Fig. 6, which shows 
the piping in a temporary state. 

The nozzles used with this spray sys- 
tem are the “Simplex,” made by the Uehl- 
ing Instrument Company, Passaic, N. J. 
See Fig. 7. The spraying is produced by 
the impact of two streams of water strik- 
ing each other at an angle of 90 degrees. 
It is said that the nozzles will operate 
well with a head as low as five pounds. 

Another manner in which the spraying 

















FIG. 6. 


\kilowatt steam turbine. There is also one 


small Corliss engine used for carrying the 
day load. An ordinary type of jet con- 
denser is used, the discharge passing di- 
rectly to the 14-inch header pipe from 
which the supply pipes for the sprays are 
taken. 


This is shown in Fig. 5. These 


THE PIPING IN TEMPORARY POSITION 


AT CLEVELAND 


water can be handled is shown in Fig. 8. 
This system is installed at the plant of the 
Philadelphia Rapid Transit Company. In 
this instance the spray nozzles are placed 
between two of the car barns, the walls 
of which have been coveted with cement ; 
the ground between, also cemented, is 





DIAGRAM OF CONDENSING PIPING AT 
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CLEVELAND PLANT 
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Proposed Addition 


other the cold water in sufficient quantities 
to keep the condensing water down to a 
proper temperature. The discharge from 
these two pumps, which are shown in Fig 
g, passes to an eductor condenser, one of 
which is installed for each engine. The 
water from the condenser passes to a hot- 
well from which it is pumped to the spray 
nozzles. It will be seen from Fig. 7 that 
one section’of the jets may be shut off in 
case they are not required. 

In neither of the three installations de- 
scribed could the cost of operation be 
ascertained, as compared with that pre- 
vailing before the change was made. 





FIG. 7. “SIMPLEX” SPRAYING NOZZLE 
In the case of the Delta installation, the 
saving in water amounted to practically 
nothing, there being a sufficient supply 
from the creek, the saving in this particu- 
lar case being due to the higher vacuum 
carried for reasons already mentioned 
Supposing that the engineer in this case 
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FIG. 8. SPRAY SYSTEM AT THE PHILADELPHIA RAPID TRANSIT COMPANY'S PLANT 


required an evaporation of 30 pounds of 
water per horse-power per hour, and that 
the temperature of the water coming from 
the condenser averaged 110 degrees, the 
temperature of the condensing water be 
ing 66, then, according to past experience, 
the weight of water required to condense 
pound of steam with these tempera- 
tures would be approximately 25 pounds. 
\s the engine consumes 30 


pounds of 
steam per horse-power per hour, the re- 
quired amount of condensing water re- 
quired would be 25 X 30 = 750 pounds, or 
90 gallons per horse-power per hour. With 
an engine developing 650 horse-power the 





amount of condensing water required 
would be 650 X 750 = 487,500 pounds per 
hour. This is equivalent to 7800 cubic 
feet of water per hour for condensing 
water, which, at a cost of $1.50 per 1000 
cubic feet, equals $11.70 per hour, or $117 
per day of ten hours. Of course, such 

cost would prohibit the use of 
ser, but the foregoing shows how an en 


gine operating 


conden 


non-condensing can b 
changed over to cendensing, by means oj 
a spraying system for cooling the con 
densing water, the maintenance of th 
condensing water being a small item of 
expense, and that due to evaporation. 











FIG. 9. SHOWING THE CENTRIFUGAL PUMPS 
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The Lubrication of Marine Engine 
Cylinders 


By A. T. Rowe 


Regarding the lubrication of marine- 
engine cylinders, my experience is that a. 
vertical engine having a piston valve on 
the high-pressure cylinder will, and does, 
run as well without internal lubrication as 
with it. I have operated engines that had 
a piston valve on the high-pressure cyl- 
inder, or on the high-pressure and inter- 
mediate-pressure cylinders, both with and 
without internal lubrication, and could see 
no difference, except that in case of the 
engine using no internal lubrication the 
piston-rods had to be watched a little 
more closely to prevent heating. 

As to using graphite for the purpose, it 
is sometimes added to the cylinder oil in 
the swabbing bucket, but I have never 
seen it introduced into the steam, al- 
though I do not see why it would not 
prove effective. 

There is one thing in modern marine 
engines which I think could be adapted 
to stationary engines with considerable 
advantage, and that is the use of liners 
in the valve chests and cylinders. 

Che cylinders are cast of ordinary gray 
iron and fitted with liners of hard, close- 
srained cast iron. When the liner will 
tand no more re-boring it may be re 
moved and a new one substituted. 

The liner is flanged at the bottom and 
secured by bolts. It is free to move at 
the upper end and is made steam-tight 
at that end by a copper wire calked into 
an under-cut groove between the liner and 
cylinder, or by a gland and packing space. 
Of course, it adds somewhat to the initial 
cost of the cylinder, but makes the cylin- 
der everlasting, and it is much cheaper to 
renew than a new cylinder would be, 
while it gives a good, hard wearing sur- 
face for the piston rings to bear on. 
Then, it may be removed after one light 
re-boring and the new liner put in, thus 
obviating the expense of a new piston. 
The liner is usually given a bearing at the 
top, at one or two points on the way down 
and at the bottom, and the spaces around! 
it may be used as a steam jacket or not,. 
as desired. 

Possibly the hard, close-grained wear- 
ing surfaces may have something to do: 
with the polish found in opening the cyl- 
inders. I have been with engines which: 
had no means of putting oil into the cyl- 
inders except through the indicator pipes, 
which was necessary in the low-pressure: 
cylinder upon starting up. 





When belts slip, because of the dust in 
the room, they should be crossed; thus 
they will keep themselves clean. It will 
often be found that a number of belts can 
be crossed, the original direction of rota- 
tion being maintained by running a main 
belt straight. 
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Power Plant Machinery and Appliances 


Original 
No 


Descriptions 
Manufacturers 
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or 


Cuts 


Power 
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Devices 
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MUST BE NEW OR 


A New Lunkenheimer Valve 
Disk and Seat 





A new valve disk and seat, designed by 
the Lunkenheimer Company, Cincinnati, 
O., is known as the “Renewo.” The disk 
is provided with a projecting ring, which 
enters the valve-seat ring. It preserves 
the seat, as in entering the cylindrical part 
of the seat the disk deflects the current of 
steam from the seat-ring face, thus pre- 
venting the wire-drawing which would 
otherwise occur. This feature is especially 
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SECTIONAL VIEW OF “RENEWO” VALVE 


important should the valve be left partly 
open for any length of time. The seating 
surface is kept free from scale and grit 
by the action of the thin current of steam 
discharged over it as the disk is brought 
home. 

Another function of this ring is the pre- 
vention of water hammer which is caused 
by the sudden admission of steam. The 
seat is renewable and can be removed 
from the valve body by using a flat bar to 
engage the lugs on the inside of the ring. 
The seat may be re-ground a number of 
times before it is necessary to renew it. 
All other wearing parts, including the 
disk, can be renewed if necessary. 

The hub is securely held to the body by 
means of a union ring, and the thread 


which holds the union to the body is pro- 
tected at all times from the action of the 
steam, the joint being made between the 
flange on the hub and the neck of the 
body. This connection also acts as a tie 
or binder in screwing over the body, and 





























INTERESTING 


Peat Digging Machine 





The operation of this peat-digging ma- 
chine is very simple. The machine moves 
from left to right and lifts the peat in a 
breadth of 4 feet from a depth of from 6 
to 30 feet. After the bog has been cleared 
the two connecting rails AB are placed 
next to the ground to be excavated. The 
carriage C D with the frame EE placed 
on the rails in such a manner that the 
rollers move between the wooden guides 
on the rails. 

The digger consists of the pole F, the 
knife case of cast steel G with the curved 
cutting-off knife, and an iron support to 
prevent the bending of the pole. The dizg- 
ger rests on the frame E E, and is easily 
moved by means of small rollers. After 
the four columns have been cut the whole 
machine is moved forward by means of 
the big lever H and the pole K. 

The car J receives the peat columns, 
and conveys them to the drying place 














PEAT DIGGING 


tends to strengthen the valve. The 
stuffing-box can be re-packed under pres- 
sure when the valve is wide open, as a 
shoulder on the stem, directly above the 
threads, forms a seat beneath the stuffing- 
box. All valves above the %-inch size 
have a gland follower in the .stuffing-box. 








MACHINE 


The columns are cut in any convenient 
size, about 4-inch cubes, or smaller. It 
is said that two men will extract from 
2000 to 3000 cubic feet per day. 

This machine is being placed on the 
market by Julius Bordollo, Kingsbridge, 
New York City. 
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The ‘“ Faries*” Tube Cleaner 


This tube scraper is designed along 
lines which have been familiar to engi- 
neers for some years. It will enter the 
tube easily, is expanded when pushed for- 
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ting much hotter than the temperature of 
the water it contains. 

The sleeve can be removed and replaced 
at will for inspection of the pipe. It is 
fastened by a locking device inside, which 
is unlocked when either half of the sleeve 
is moved about an inch laterally. The 








“FARIES” TUBE CLEANER 


ward and collapses when pulled backward. 
It may be adjusted to fit variations in the 
size of tubes by turning the handle in the 
scraper. 

The ram feature is one not embodied 
in any other scraper. As illustrated, it 
consists of a slip joint; that is, the handle 
is fitted into a hollow section of tubing, 
slotted as shown, the handle having a pin 
driven through it, which limits the length 
of the slip joint. The object of this joint 
is to give ease of operation, especially 
when tight or uneven places in the tube 
are encountered. This joint admits of a 
limited withdrawal of the handle without 
moving the scraper, and which, when 
shoved forward quickly, gives a hammer 
or ramming action to the scraper. The 
device is manufactured by the Decatur 
Specialty Company, Decatur, Il. 





Blow-off Pipe Protector 


This device for protecting the blow-off 
pipes of steam boilers consists of a cover- 
ing of cast iron divided lengthwise, with 
ribs projecting inwardly, making an air 
space of about one-half inch between the 
pipe and sleeve. When the sleeve is run 
through the rear wall, or even part of the 
way, a small space is left open around the 
blow-off pipe and the draft inward causes 
air to pass in and through this space to 
the elbow, and prevents the pipe from get- 


elbow sleeve is constructed on the same 
principle, with ribs and an air space, and 
is fastened with keys in recesses. It can 
also be removed and replaced for inspec- 
tion of joints at elbow. 
of the protector sleeve and elbows is 
shown in the illustration. This protector 
is made by Edmund Mather, Second and 
Walnut streets, Harrisburg, Penn. 


The construction 





Standard” Boiler Flue Plug 


We herewith illustrate the Betterman 
“Standard” boiler - flue plug, manufac- 


tured by A. L. Smith & Co., 228 N. Clar- 


Square Nut 
Square Socket | 
Gasket under Nut 
Fire Box Plug | 
Gasket | | 
Tube Sheet / | 


Hexagon Nut 
Finished Surface 
No Gasket here 
| Smoke Box Plug 
Gasket ‘ 
Tube Sheet 




















“STANDARD” BOILER PLUGS AS 


A TUBE 


APPLIED TO 


ion street, Philadelphia. It consists of two 
caps, clamped to the tube by means of a 
rod and two nuts. A tight joint between 
the plug and the boiler head is made by 





HALF SECTIONS OF SLEEVE 


AND ELBOWS 
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means of gaskets, as shown in the illus- 
tration. With the plug in position, the 
nuts are tightened up and the boiler is 
then in condition to operate. It will be 
seen that the fire-box end has a square 
socket in which a square nut is placed. 
The smoke-box plug has a hexagon nut 
to facilitate tightening. The simplicity of 
the plug means a quick repair, and the 
ease of action and the perfect adjustment 
enables the user to repair a burst tube in 
a very short time. 





An Improved Economizer Joint 


The difficulty encountered in economizer 
joints due to leaky gaskets is believed to 
be overcome in the Sturtevant design of 
economizer by making every joint taper 
metal-to-metal, thus eliminating gaskets. 
On a test with the metal-to-metal joint 
the economizer showed no signs of leak- 
age up to 300 pounds per square inch of 
pressure. Whenever it is necessary to re- 
place a pipe, cap or header, the operation 
is performed with ease with such joints, 
as the joints are quickly made or broken. 


The accompanying illustration shows 
header and elbow connection, also the 


views of 


sectional a portion of the top 









JOINT 
NO RUSTING 











METAL-TO-METAL JOINT 


parts forming the tapered metal-to-metal 
joints. This joint is manufactured by the 


B. F. Sturtevant Company, Hyde Park, 
Mass. 





About the only manhole gasket that 
can be used repeatedly with safety is a 
flat-wire inserted asbestos gasket. As 
marking the manhole plate for the pur- 
pose is impracticable, it can be done suc- 
cessfully as follows: Leave the gasket 
adhering to the plate, and do not turn 
the plate end for end; put the plate in 
place and tighten the nut with thumb and 
finger while working the plate until it 
settles into its proper place, which can be 
felt. Then a wrench may be applied. 





The average velocity of chimney gases 
is 600 feet per minute. 
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Examination Question on Indicator 
Diagrams—Correction 


“Examina- 


i AL. €. 


tion 


letter, 
Indicator 


Waldron’s 
Question on 
published in the June 30 number, there 
occurred two errors for which Mr. Wal- 
On page 1037, in 
the middle column, second line from the 


Diagrams,” 


dron was not to blame. 


bottom, the first word should have been 
“or” instead of “on.” On the same page, 
third column, third line from the top, the 
word ° 
“compression.” 


‘expansion” was used instead of 





Personal 


John Van Brunt, a graduate of both 
Cornell and Stevens, who has been with 
the American Stoker Company for ten 
years, has been appointed chief engineer 
of that company. 

George W. Heald, for the past three 
and a half years mechanical engineer and 
chief for the Machine 
Company, Joliet, Ill, has opened an office, 
as consulting and constructing mechanical 
engineer, in the Old Colony building, 
Chicago. 


draftsman 3ates 


A. Bement, of Chicago, whose writings 
upon and kindred 
have made his name familiar to our read- 


combustion subjects 
ers, has removed from 125 Monroe street 
to the Fisher building, where he will con- 
tinue to practice as a consulting, mining 
and mechanical engineer. 





Business Items 





A series of monthly calendars depicting child 
life in Holland are being distributed by the 
Dubois Iron Works, Dubois, Penn. 

George H. Moseman has been appointed 
manager of the American Stoker Company's New 
England office at 176 Federal street, Boston, 
Mass. 

The patents of the Edwards metallic packing, 
together with the rights to manufacture, etc., 
have been purchased by the D. H. C. Company, 
Inc., 95 Liberty street, New York City. 

John C. Mohr, 4327 Lake avenue, Chicago, 
manufacturer of boiler gaskets, reports a recent 
contract which includes the equipment of forty 
boilers belonging to the Commonwealth-Edison 
Company, of Chicago, with Mohr’s elastic metal 
asbestos gaskets. 

The Western Electric Company, of Chicago, 
has acquired the rights of manufacture and sale 
of the Rateau turbine, and commencing with 
July 1 is ready to accept orders for units of any 
capacity. The company has_ built several 
turbines of this type to the order of the Rateau 
interests in America, and is therefore well 
equipped in experience, as well as in plant and 
machine-shop facilities to develop this type of 
turbine in this country. 

The works of the American Stoker Company, 
at Erie, Penn., were destroyed by fire on June 
1, ocecasioning great With admirable 
enterprise the company immediately secured 
new accommodations at Monongahela, Penn., 


loss. 


POWER AND THE ENGINEER. 


in the works of the Coshocton Iron Company, 
and, having saved its drawings, had new patterns 
made to replace those which were burned, and 
within 30 days shipped 16 sets of stokers com- 
plete. It announces that its customers have 
not been, nor will be, inconvenienced en account 
of the fire. 

The Cutler-Hammer Mannfacturing Company, 
of Milwaukee, maker of electric controlling 
devices, has just completed arrangements 
whereby it will be represented on the Pacific 
Coast by Otis & Squires, of 111 New Montgomery 
street, San Francisco. A large stock of standard 
Cutler-Hammer controllers will be carried by 
Otis & Squires, enabling them to make prompt 
delivery of apparatus. A. W. Vinson, who 
has for several years been connected with the 
engineering department of the Cutler-Hammer 
Manufacturing Company, has been transferred 
to the office of Otis & Squires, where his services 
will be available to those confronted with prob- 
lems of electric control which cannot be met by 
the use of standard apparatus. 





New Equipment 


The Hartford City (Ind.) Light 
is planning to install new dynamos. 


Company 


The citizens of Holly, Colo., voted to issue 
$10,000 bonds for a water-works system. 

City of East Point, Ga., will vote on issuance 
of $15,000 bonds for electric-light plant. 

The city of Wetumka, Okla., has voted $25,000 
bonds to construct light and water plant. 

W. C. Newman, Atlee, Va., contemplates 
establishing an ice plant of six-ton capacity. 

The city council of Cuero, Texas, is investigat- 
ing the proposition of installing a lighting plant. 

The city of Rising Star, Texas, has voted bonds 
or construction of water works and lighting plant. 

The Packard Motor Car Company, Detroit, 
Mich., is contemplating increasing its power plant. 

P. A. Fitzhugh, of Clinton, La., will erect 
a $100,000 cottonseed-oil mill at Waurika, Okla. 

The Hamman-Bessonnette Company, Temple, 
Texas, contemplates establishing a cold-storage 
plant. 


The Nants Cold Storage Company, Paris, 
Tenn., will erect a_ three-story cold-storage 
building. 


The city of Clinton, La., contemplates the 
establishment of an electric-light plant and an 
ice plant. 

It is stated that the output of the municipal 
electric-light plant at Williston, N. D., will be 
increased. 

The Eclipse Feed Water Heater and Purifier 
Company, of Appleton, Wis., will move its plant 
to Oshkosh. 

Plans have been filed for an eight-story printing 
house for Edward Stern & Company, Philadel- 
phia, Penn. 

The citizens of Nowata, Okla., voted to issue 
$65,000 bonds for the purpose of installing a 
water system. 

The Joseph Schlitz Brewing Company, Mil- 
waukee, Wis., will install a cold-storage plant at 
Richmond, Va. 


The Mitchell (S. D.) Power Company has 
bought site for a new plant. About $50,000 
will be expended. 

The City Council, Springfield, Ohio, is con- 


sidering the question of establishing a municipal 
electric-light plant. 


The Westport (Conn.) Water Company, fur- 
nishing water and electricity, contemplates 
increasing its output. 

The city of Fairview (Okla.) contemplates 


voting on issuing bonds to install water-works 
and electric-light plant. 


The Michigan Power Company, Lansing, 
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Mich., is said to have additional 


property for sub-stations. 


purchased 


The Georgetown (Texas) Water and Electric 
Light Company will expend $25,000 in improve- 
ments. C. 8S. Hale, manager. 

The Birmingham (Ala.) Railway, Light 
and Power Company will erect a plant in Jones- 
ville. Cost about $1,500,000. 

The city of St. Petersburg, Fla., 
on the of $7000 bonds to 
steam pump for water works. 

The Brightwood Manufacturing Compan 
Lawrence, Mass., has awarded contract for the 
erection of a new boiler house. 


will vote 


issuance purchase 


The United States Coal and Oil Company, of 
Holden, W. Va., it is reported contemplates 
building a railroad 125 miles long. 

The city of Sapulpa, Okla., proposes to issue 
$35,000 bonds for extending water system and 
$10,000 for equipping fire department. 

The Sargeant Manufacturing Company, Char- 
lotte, N. C., recently incorporated, will erect 
cotton mill to be operated by electricity. 


The St. Pauls (N. C.) Cotton Mill Company 
will begin erection of mill for manufacturing 
cotton yarns. Electric power will be used, , 

Plans will be received until July 16 by the 
Construction Quartermaster, Fort Dade, Fla., 
for the construction of a distilling and ice plant. 


The Suburban Land and Power Company, 
Durham, N. C., has been incorporated to build 
an electric light and water plant. E. J. Parrish, 
president. 

The Board of Public Affairs, Plymouth, Ohio, 
is said to be considering the question of instal- 
ling another gas engine in the municipal electric- 
light plant. 





Help Wanted 





in- 
words 


head 
About 


Advertisements under _ this 
serted for 25 cents per line. 
make a line. 

WANTED 
salesmen. 


are 
Slt 


Thoroughly 
Box 81, Power. 
AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago. 
WANTED~—Salesmen on commission for New 
England, Southern and Western States for high 
grade shaking grates. Box 13, Power. 
WANTED—tThoroughly competent steam 
specialty salesman; one that can_ sell high- 
grade goods. Address ‘“‘M. M. Co.,’”’ Power. 
WANTED—Salesman on commission for 
high grade power specialties. Address, stating 
experience, Chas. T. Luce Co., 160 Congress St., 
Boston, Mass. 
WANTED—Master mechanic 
in northern Michigan. Must have 
experience with all kinds of mine 
and machine shop work. To an 
capable man a good position is 
requested communications will De confidential! 
Address ‘‘Iron,”’ care of Power, giving experi- 
ence in detail, references, and pay expected. 


competent packing 


iron mine 
had good 
machinery 
energetic, 
offered. If 


for 


Situations Wanted 


Advertisements under this head 
serted for 25 cents per line. About 
make a line. 


POSITION 


are in- 
six words 


wanted by 
with five years’ practical erecting 
for large water tube boiler company. 
position in shops or sales. Box 11, Power. 

FIREMAN, married, sober and __ steady 
high pressure, hard or soft coal, wants position 
First class New York City references. Address 
Alfred G. Bunker, Box 21, Echo, N. Y. 

ENGINEER will pay $50.00 commission to 
anyone who secures or helps him secure a posi 
tion as engineer, assistant engineer or statio! 
man in Rocky mountains or West. Box 14 
Power. 

COMMERCIAL ENGINEER, 18 years’ experi 


graduate 
experience 
Prefer 


technical 


ence, steam, gas, electric machinery, would 
represent manufacturer New York. Manager 
sales manager, electrical, mechanical lines 


Any location. Box 12, PoweEr. 

POSITION WANTED—In power house b) 
young man, 26. Ohio license; four years 
experience with Buckeye and Corliss engines 
complete course I. C. 8S. At present student in 
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Is Your Steam Gauge 
Guessing? 


If so, and it isn’t perfectly accurate, there’s a leakage 
in your plant, and a loss where there should be a gain. 


You can stop that guessing immediately with 


The American 
Dead Weight Gauge Tester 


Operated by dead weights, it occupies but little space and has 
all the advantages of the mercury column. Inaccurate gauges 
are shown up at once and immediate correction made possible. 
Test Gauges are done 
away with and the ne- 
cessity of sending them 
to the manufacturer fre- 
quently for readjust- 
ment is eliminated. By 
using the “American” 
Dead Weizht Gauge 
Tester youcan be sure of 
gauge accuracy—and 
that means steam and 
fuel economy. 


ASK FOR CIRCULAR 4-D. 


American Steam Gauge & Valve Mfg. Co. 
208-220 Camden Street, Boston, Mass. 


New York, 26 Cortlandt St. Atlanta, 853 Equitable Bldg. Chicago, 7-9 So. Jefferson St. 


Pittshurg, Frick Building Annex. San Francisco, 247 Pine Street. 
Montreal, 444 St. James Street. Los Angeles, 213 So. Los Angeles Street. 
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Ohio Northern University. 
118 So. Main St., Ada, Ohio. 


Miscellaneous 


Advertisements under _ this 
serted for 25 cents per line. 
make a line. 


ALL PRACTICAL ENGINEERS should apply 
Webber, Consulting Engineer, 432 


to Wm. O. 





Address “I. R. R.,”’ 


head 
About 
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instructions sent 


in- 
words 


are 


Six Advertisements 


make a line. 


free upon 
Parker, Ex-Examiner U. 
Dietz Bldg., Washington, D. C. 


For Sale 


under _ 
serted for 25 cents per line. 


FOR SALE—Buckeye engine, 150 to 175 h. p 


request. C. L. 
S. Patent Office, 4 


tured. A 


this in- 


words 


head are 
About six 
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two 72”x18’ high pressure tubular boilers in 
good condition 
Box 2, Station A, Cincinnati, Ohio. 

FOR SALE—The patent rights of one of 
the best steam traps and oil filters manufac- 
bargain if 
reason for selling being the desire to retire 
from business. 

FOR SALE 
a metallic packing with an established reputation. 


cheap. Address “ Engineer,”’ 


sold quickly. Parties 


Box 85, PowEr. 
—Territory rights to manufacture 








Exchange Bldg., Boston, for information con- good as new, great bargain for cash. Can be pn eng rps BF a Reon Equipment 
eats rrp et RET > . : # ‘ 1 q >» pportunity for 
cerning tables on all engineering subjects. seen in operation. Address No. 1001 Arcade hustlers in all manufacturing districts. Very 
_ PATENTS secured promptly in the United Bldg., Philadelphia, Pa. favorable terms. Also own foreign patents. 
States and foreign countries. Pamphlet of FOR SALE—20x48 Wheelock engine and Box 7, Power. 
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Aunicles Adwertined 





Air Compressors 


American Steam Pump Co., Battle 
Creek, Mich. 
John H., 


McGowan Co., Cincinnati, 


OG. 

Minneapolis Steel & Mach'y Co., 
Minneapolis, Minn. 

Union Steam Pump Co., Battle 
Creek, Mich. 

Westinghouse Traction Brake Co., 


Pittsburg, Pa. 
York Mfg. Co., York, Pa. 


Air Cooling Apparatus 


De La Vergne Machine Co., New 
York. : we: 
Triumph Ice Machine Co., Cincin- 

nati, Ohio. 





Alarms, High and Low 


Water 


Engberg’s Electric and Mechanical 
Works, St. Joseph, Mich. 

Pittsburgh Gage and Snpply Co., 
Pittsburgh, Pa 

Reliance Gauge Column Co., 
land, O. 

Williams Gauge Co., 


Cleve- 
Pittsburg, Pa. 


Ammonia Fittings 


American Steam Gauge and Valve 


Mfg. Co., Boston, Mass. 

De La Vergne Machine Co., New 
York. 

Triumph Ice Machine Co., Cin- 


cinnati, O. 





Ammonia Fittings—Continued 
York Mfg. Co., York, Pa. 
Ammonia Valves 

York Mfg. Co., York, Pa. 

Arches, Boiler 
McLeod & Henry Co., 
Asbestos Goods 


Carey Co., The, Philip, Cincinnati, O. 
Johns-Manville Co., a 7 yew 
York. 


Babbitt Metal 


Ttoy, N. ¥. 


Phosphor-Bronze Smelting Co., 
Philadelphia, Pa. 
Back Combustion Chamber 


Arch “ 


McLeod & Henry Co., Troy, N. Y. 





Bars, Boring Cylinder 
Underwood & Co., H. B., Phila., Pa. 


Belting 

Diamond Rubber Co., Akron, Ohio. 
Garlock Packing Co., Palmyra, ms, Bs 
Jewell Belting Co., ‘Hartford, Conn. 


N. vase Belting & Packing Co., New 
Peerless Rubber Mfg. Co., New 
Quan City Rubber Co., Pnhila- 


delphia, Pa. 
— Co., Clement, Philadelphia, 


Rhoads & Sons, J. E., Phila., Pa 
~~ New Conveyor Co., New 


Yo 
Shuies Belting Co., St. Louis, Mo. 
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“Like Smooth 
Rods ot Iron” 


‘‘American” Transmission Rope in service soon assumes 
an almost perfectly rounded smooth surface. The graphite 
lubricant with which the internal yarns and core are saturated, 
permeates every fibre, facilitating the compression of the strands 
until the rope becomes smooth and round and presents the 
greatest area of contact to the sheave groove. 





‘“‘American” Ropes are designed to turn in their grooves 
keeping the rope round and smooth and the grooves of the 
sheaves perfectly true. 


If you desire complete informa- | aah Wi lay 
tion regarding the advantages of rope [Bay 

driving and “American” ‘Transmis- 
sion Rope, write for a copy of our 
“Blue Book of Rope Transmission.” 
Copies free. 
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The American Manufacturing Co., 
65 Wall Street, New York City. 
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Belt Dressing 


Cling-Surface Co., Buffalo, N. Y. 
~ ~~ Co., Jos., Jersey 


canityi Packing Co., Palmyra, N.-Y. 
Johnson Co., Henry, 3g Jersey City, N.J. 
Rhoads & Son, J Pa. 
— Belting Co., ae a Mo. 
ephenson Mfg. Co., Albany, : ee = 
ton Co., F. S., Philadelphia, Pa. 


Belt Fasteners 


Bristol Company, The, Waterbury, 
Conn. 


Belt Lacing 


Bristol Co., The, Waterbury, Conn. 


Benders, Hydraulic 
Watson-Stillman Co., New York. 
Bends, Wrought Iron Pipe 


Harrisburg Pipe and Pipe Bending 
Co., Harrisburg, Pa. 

Pittsbusgh Gage and Supply (Co., 
Pittsburgh, Pa. 

Whitlock Coil Pipe Co., Hartford, 
Conn. 


Blowers 


& Co., Jas., New York. 
De Laval Steam Turbine Co., Tren- 
ton, N. J. 
Green Fuel Economizer Co., Mat- 
teawan, N. Y. 
McClave-Brooks Co., Scranton, Pa. 
Ohio Blower Co., C leveland, O. 
Sirocco Engineering Co., New York. 
Sturtevant Co., B. F., Hyde Park, 
Mass. 


Blowers, Furnace 
McClave-Brooks Co., Scranton, Pa. 


Boiler Door Arches 


McLeod & Henry Co., Troy, N. Y. 
Presbrey Fire Brick’ Co., Taunton, 
Mass. 


Boiler Feeders 


American Steam Pump Co., Battle 
Creek, Mich. 

=" Regulator Co., G. M., Chicago, 

Dean Bros. Steam Pump Works, 
Indianapolis, Ind. 

Lunkenheimer C 0-5 

Myers & Bro., 


Cincinnati, O. 
Ashland, O. 


National Steam ae Co., Upper 
Sandusky, O. 
Pittsburg Gage & Supply Co., Pitts- 


burg, Pa. 
Wheeler Condenser & Engineering 
Co., New York. 
Wheeler Mfg. Co., C. H., Phila- 
delphia, Pa. 


Boiler Fittings 


American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

Lunkenheimer Co., Cincinnati, O. 

Pittsburgh Gage and Supply Co., 
Pittsburgh, Pa. 


Boiler Skimmers 


Buckeye Boiler Skimmer Co., Toledo, 
Ohio. 


Boilers, Second Hand 
Wickes Boiler Co., Saginaw, Mich. 
Boilers, Tubular 


Babcock & Wilcox Co., New York. 

Beggs & Co., Jas., New York. 

— Moor Iron Co., Edge Moor, 
Jel. 

— Boiler Works Co., Troy, 

Griffith & Wedge Co., Zanesville, O. 

— Safety Boiler ‘Co .» St. Louis, 


Keeler & Co., E., Williamsport, Pa. 
Kewanee Boiler Co., Kewanee, Ill. 
Oil Well Supply Co., Oswego, N. Y. 
Phoenix Iron Wks., Meadville, Pa. 
— Boiler Co., Amherst, 


Suruthers-Wells Co., 

Tudor Boiler Co., ¢ ‘incinnati, O. 

Vilter Mfg. Co., Milwaukee, Wis. 

— & Co., Robert, Chester, 
a. 

Wickes Boiler Co., Saginaw, Mich. 

Boilers, Water Tube 


Babcock & Wilcox Co., New York. 
— Moor Iron Co., Edge Moor, 


Franklin Boiler Works, Troy, N. Y. 
— Safety Boiler Co., St. Louis, 
0. 


Warren, Pa. 





Boilers, Water Tube —Cont. 


Keeler Co., E., Williamsport, Pa. 
Kewanee Boiler Co., Kewanee, Ill. 
Morrin Climax Boiler Co. 3 brock- 
lyn, N. Y. 
Oil Well Supply Co., Oswego, N._Y. 
Parker Boiler Co., Philadelphia, Pa. 
Rust Boiler Co., Pittsburg, Pa. 
Struthers-Wells’ Co., Warren, Pa. 
Vogt Machinery Co., Henry, Louis- 
ville, Ky. 
Wetherill & Co., Robt., Chester, Pa. 
Wickes Boiler Co., Saginaw, Mich. 


Books, Technical 

American School of Correspond- 
ence, Chicago, Ill. 

Hill Publishing Co., New York. 

International Text Book Co., Scran- 
ton, Pa. 


Building Materials, 
proof 


Carey Co 
Oo 


Fire- 


, The, Philip, Cincinnati, 


Johns-Manville Co., H. W., New 

Castings, Brass and Iron 

Homestead Valve Mfg. Co., Pitts- 
burg, Pa. 

McClave-Brooks Co., Scranton, Pa. 

Ohio Brass Co., Mansfield, O. 

Pittsburgh Gage and Supply Co., 
Pittsburgh, Pa. 

Castings, General 

Neemes Bros., Troy, N. Y. 


Castings, Malleable 
Jeffrey Mfg. Co., Columbus, O. 


Cement, Asbestos 
Johns-Manville Co., H. 


Yor 
| a 2 
Yor 


: W., New 
Petting & Packing Co., New 


Cement, Boiler 
—— Mfg. Co., Jersey City, 


Chain Blocks 
Yale & Towne Mfg. Co., New York. 


Clamps, Steam Joint 
McCrea & Co., James, Chicago, Ill. 
Cleaners, Boiler Tube 


Buckeye Boiler Skimmer Co., Toledo, 
Ohio. 


as 2g h Steam Blower Co., Troy, 


Garlock Packing Co., Palmyra, N. Y. 
General Specialty Co., Buffalo, N. Y. 
Stewart Heater Co., ‘Buffalo, N. Y. 


Clocks, Engine Room 


American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 


Clutches, Friction 


Williams Fdry. & Mach. Co., 
Ohio. 


Coal and Ash Handling Ma- 
chinery 

Bartlett & Snow Co., C. 
land, O. 

Jeffrey Mfg. Co., Columbus, O. 

Cocks, Blow-Off 

Liberty Mfg. Co., Pittsburg, Pa. 

Lunkenheimer Co., Cincinnati, O. 


Pittsburgh Gage and Supply Co 
Pittsburgh, Pa. 

Cocks, Gauge 

American Steam Gauge & Valve 
Mfg. Co., Boston, Mass. 

— Co., P. B., Philadelphia, 
a. 

Ohio Brass Co., Mansfield, Ohio. 

Pittsburgh Gage and Supply 
Pittsburgh, Pa. 

Reliance Gauge Column Co., Cleve- 
land, O. 

Williams Valve Co., D. T., Cincin- 
nati, Ohio. 


Cocks, Steam 

Homestead Valve Mfg. Co., Pitts- 
burg, Pa. 

Williams Valve Co., D. T., Cincin- 
nati, O 

Compound, Boiler 

Bird-Archer Co., New York. 

Bue a Boiler Skimmer Co., Toledo, 

« Ohio 

Dearborn Drug & Chemical Co., 
Chicago, Ill. 

a k-Eye Compound Co., Chicago, 


Johns-Manville Co., H. W., 
York. 


Akron, 


O., Cleve- 


Co., 


New 





Compound, Lubricating 
Cook’s Sons, Adam, New York. 


Condensers 


Alberger Condenser Co., New York. 
American Steam Pump Co., Battle 
Creek, Mich. 


—— & Son, Wm., Chicago, 


Dean Bros. Steam Pump Works, 
Indianapolis, Ind. 
Minneapolis Steel & Mach’y Co., 


Minneapolis, Minn. 
Schutte & Koerting Co., Philadel- 
phia, Pa. 

Stewart Heater Co., Buffalo, N. Y. 
Southwark Foundry and Machine 
Co., Philadelphia, Pa. 
Union Steam Pump Co., Battle 

Creek, Mich. 
Wheeler Condenser and Engineer- 
ing Co., New York. 


Condensers, Gas 
Meadville, Pa. 


Smoke 


Phoenix Iron Wks., 


Consumers, 


Climax Smoke Preventer Co., Bos- 
ton, Mass. 
Controllers, Electric 


Schenectady, 
Mfg. 


aa Electric Co., 

Westinghouse Electric and 
Co., Pittsburg, Pa 

Cooling Towers 


Alberger Condenser Co., New York. 
Baragwanath & Sons, Wm., Chicago, 


Ill. 
Wheeler Condenser and Engineering 
Co., New York. 


Cordage 

American Mfg. Co., New York. 

Correspondence Schools 

American School of Correspondence, 
Chicago, Ill. 

International Correspondence 
Schools, Scranton, Pa, 

Couplings, Clutch 


Williams Fdry. & Mach. Co., Akron, 
Ohio 


Covering, Pipe and Boiler 

Carey Co., The Philip, Cincinnati, 

W., 
York. 

U. S. Mineral Wool Co., New York. 


O. 
Johns-Manville Co., H. New 


Cranes 
Yale & Towne Mfg. Co., New York. 
Die Stocks 

Bignall & ae Mfg. Co., 


wardsville, Ill. 
Curtis Co., 


Ed- 
Bridgeport, 


Co., Cleveland, O. 
Co., Cleveland, O. 


Curtis «& 
Conn. 
Loew Mfg. 
Oster Mfg. 


District Steam Heating 


American District Steam Co., Lock- 
port, N. Y. 


Draft, Mechanical 


Green Fuel Economizer Co., Mat- 
teawan, N. Y 


Drills, Upright 


Barnes Co., W. F. & Jno., Rock- 


ford, Ill. 


Dynamos and Motors, 
ternating Current 


C & C Electric Co., The, 
York. 

Clark Bros. Co., Belmont, N. Y. 

Crocker-Wheeler Co., Ampere, N. J. 

Ft. Wayne Electric Works, Ft. 
Wayne, Ind. 

General Electric 


Al- 


New 


Co., Schenectady. 

Northern Electrical Mfg. Co., Madi- 
son, Wis. ; 

Westinghouse Electric and Mfg. 
Co., Pittsburg, Pa. 


Dynamos and Motors, 
rect Current 


C & C Electric Co., The, New York. 

Crocker-W heéler Co., Am ere, N. J. 

Ft. W ~—2 Electric V orks, Ft. 
Wayp 

Gunnar “Wlectric Co., 


aN. . 


Di- 


Schenectady, 





mos and Motors, Di- 
rect Current —Continued. 
Northern Electrical Mfg. Co., Madi- 

son, Wis. 
Triumph Electric Co., Cincinnati, O. 
Westinghouse Electric and Mfg. Co., 
Pittsburg, Pa. 


Economizers, Fuel 


Green Fuel Economizer Co., Mat- 
teawan, N. Y 

Ejectors 

Beggs & Co., Jas., New Tog. 

Desmond- Stephan Mfg. Co., Ur- 


bana, Ohio. 
Lunkenheimer Co., Cincinnati, O. 
Ohio Injector Co., "Wadsworth, O. 
Penberthy Injector Co., Detroit, 
Mich. 
Electrical Engineers 


Crocker-Wheeler Co., Ampere, N. J. 

Engberg’s Electric & Mechanical 
Works, St. Joseph, Mich. 

Northern Electrical Mfg. Co., Madi- 
son, Wis. 


Electrical Supplies 

General Electric Co., Schenectady, 

Johns-Manville Ca, H. Wa 
York. 

Ohio Brass Co., Mansfield, Ohio. 

Engineers’ Supplies 


Mound Tool & Scraper Co., St. 
Louis, Mo. 


New 


Engines, Corliss 


Bates Machine Co., Joliet, Ill. 
Beggs & Co., Jas., New York. 
Cooper Co., C. & G., Mt. Vernon, 


oO. 
Griffith & Wedge Co., Zanesville, O. 
Ide & Son, A. L., Springfield, Ill. 
Minneapolis Steel & Mach’y Co., 
Minneapolis, Minn. 
Providence Eng. Works, Provi- 
dence, R. I. 
Southwark Foundry and Machine 
Co., Philadelphia, Pa. 


Vilter Mfg. Co., Milwaukee, Wis. 
Watertown Engine Cc Watertown, 


Wetherill & Co., Robert, Chester, 
a. 


Engines, Gas and Gasolene 


Alberger Co., A. H., Buffalo, N. Y. 
De La Vergne Machine Co., New 


York. 
Du Bois Iron Works, Du Bois, Pa. 
Engberg’s Electric & Mechanical 
Works, St. Joseph, Mich. 
Minneapolis Steel & Mach’y Co., 
Minneapolis, Minn. 
Riverside Engine Co., Oil City, Pa. 
Struthers-Wells Co., Warren, Pa. 
Westinghouse Machine Co., Pitts- 
burg, Pa 


Engines, High Speed 

American Diesel Engine Co., 
York. 

American Engine Co., Bound Brook, 


Ball’ Engine Co., Erie, Pa. 

Bates Machine 0., Joliet, Til. 

Clark Bros. Co., Belmont,  - # 

Engberg’s Electric & "Mechanical 
Works, St. Joseph, Mich. 

Erie Mfg. & Supply Co., Erie, Pa. 

Fitchburg Steam Eng. Co., Fitch- 
burg, Mass. 

Ide & Son, A. L., x27; Ill. 

Minneapolis Steel & Mac n'y Co., 
Minneapolis, Minn. 

Phoenix Iron Works, sientetie. Pa. 

Reeves Engine Co., Trenton, N. J. 

Shepherd Engineering Co., Wil- 
liamsport, Pa. 

Skinner Engine Co., Erie, Pa. 

Southwark Foundry & Machine Co., 
Philadelphia, Pa. 

Watertown Engine Co., Watertown, 
N. 


New 


Westinghouse Machine Co., Pitts- 
burg, Pa 

Engines, Medium and Low 
Speed 


American Diesel Engine Co., New 
York 


Ball Engine Co., Erie, Pa. ' 

Brown Engine Co., C. H., Fitchburg, 
Mass, 

Engberg’s Electric & Mechanical 


Works, St. Joseph, Mich. 
Erie Mfg. & Supply Co., Erie, Pa. 
Fitchburg Steam Engine Co., Fitch- 
burg, Mass. 
Ide & Son, A. L., Springfield, Tl. 
Minneapolis Steel & Mach’y Co., 


Minneapolis, Minn. 
Reeves Engine Co., Trenton, N. J. 
Shepherd Engineering Co., 
liamsport, Pa. 


Wil- 
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COCHRANE SEPARATORS 


WHERE SEPARATORS PAY 


It pays to remove all water (moisture, spray or mist) from live steam, and moisture 
and oil from exhaust steam. Whether wet or dry makes little difference with one cylinder- 
ful of steam, but figure on millions of cylindersful,—and it’s quite a BIG ITEM. Then, 
this water left in the steam nibbles away a good deal of the cylinder oil in the course of 
a year,—and that’s an ITEM—again. And, if the oil is washed away.there is more wear 
and friction, athird item. So it is quite apparent that a 
steam separator will pay handsomely, providing it’s a good 
one; the cheap ones give from 50% to perhaps 90%, but 
a Cochrane gives practically perfect separation. It makes 
a greater saving and keeps out the extra water that does 
its share of cylinder heat-robbing. 

One break-down of an engine or turbine, caused by 
priming of the boilers, or accumulated condensation in the 
steam pipe might cost more than ten separators. Sometimes 
steam as delivered is 40° water by weight. 

If you wanted proof regarding the thoroughness of 
the Cochrane Separators, you’ve got it in the access of the ‘ 
Cochrane Oil Separator. 

Exhaust steam is worth as much in feed water heaters, 
drying coils, radiators, calendering rolls, etc., as live steam 
at the same temperature, that is, if you have taken the oil 
out with a Cochrane Separator; and when you have done 
this, the steam after condensation can be fed back to the 
boilers again as pure distilled water which will deposit no 
scale, cause no corrosion and require no purification. 

Cochrane Separators are useful for stopping chips, 
grit, packing, ete., to keep water out of superheaters, to 
provide dry steam for whistles, to remove moisture from 
compressed air and to clean gas of tar and soot. 

In succeeding advertisements we wish to tell you just 
what Cochrane Separators will do, how well they do it, how much they save,and why they 
are able to do it better than other separators. It is only necessary to compare other 
Separators with the Cochrane, point by point, as we shall do, to see why a Cochrane 
removes all water and oil while other separators are partial or complete failures. 

If you don’t wish to wait for succeeding advertisements, write for our book ‘‘15-S” 
at once, in which all sides of the subject are fully presented. 








HARRISON SAFETY BOILER WORKS, 
I7™ & CLEARFIELD STS., PHILADELPHIA, PA. 


TALK | 
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Engines, Medium and Low 


Speed —Continued. 
Skinner Engine Co., Erie, Pa. 
Southwark Foundry & Mach. 

Philadelphia, Pa. 
Westinghouse Machine 

burg, Pa. 


Co., 


Co., Pitts- 


Engines, Oil 
American Diesel Engine Co., 
York. 


De La 
York. 


New 


Vergne Machine Co., New 


Engines, Rotary 

Ball-Cooley Engineering Co., 
York. 

Exhaust Heads 

Burt Mfg. Co., Akron, O. 

Gardner Gov. & Separator 
Quincey, Ill. wel 

Hoppes Mfg. Co., Springfield, O. 

Ohio Blower Co., Cleveland, O 

Pittsburgh Gage and Supply Co., 
Pittsburgh, Pu. 

Whitlock Coil Pipe Co., Hartford, 
Conn. 


New 


Co., 


Experts, Chemical 

Hunt & Co., Robt. W., 

Fans, Electric 

Ft. Wayne Electric 
Wayne, Ind. 

Gener ral Electric 
N. 


Chicago, Ill. 


Works, Ft. 


Co., Schenectady, 


Cincinnati, O. 


T eank Electric Co., 
‘and Mfg. Co., 


Westinghouse Elec. 
Pittsburg, Pa. 


Fans, Exhaust and Venti- 
lating 


Ohio Blower Co . Cleveland, 0... 
Sirocco Engineering Co., New York. 


Fans, Mine Vetilating 
Jeffrey Mfg. Co., Columbus, O. 
Feed Water Filters 
Beggs & Co., Jas., New York. 


Kclipse Feed Water Heater and 
Purifier Co., Appleton, Wis. 
Keystone Chemical Co., Philadel- 


phia, Pa. 


Northern Water Softener Co., Madi- 
son, Wis. 

Feed Water Heaters and 
Purifiers 


Alberger Condenser Co., New York. 


Baragwanath & Son, Wm., Chicago, 
Ill. 

Bates Machine Co., Joliet, Tl. 

Eclipse Feed Water Heater and 
Purifier Co., Appleton, Wis. 

Erie Mfg. & Supply Co., Erie, Pa. 

Goubert Mfg. Co., New "York. 

Griscom-Spencer Co., New York. 

Harrison Safety Boiler Wks., Phila- 


delphia, Pa. 
Harrisburg Pipe and Pipe Bending 
Co., Harrisburg, Pa. 
Hoppes Mfg. Co., Springfield, O 
Kewanee Boiler Co., Kewanee, Il. 
Loew Mfg. Co., Cleveland, O 
National Pipe Bending Co., 
Haven, Conn. 
Patterson & Co., F. L., New York. 
Phoenix Iron Wks., Meadville, Pa 
Stewart Heater Co., Buffalo, N. Y. 
Webster & Co., Warren, Camden, 


New 


N. J. 

Wheeler Condenser and Engineer- 
ing Co., New York. 

Whitlock Coil Pipe Co., 
Conn. 

Wickes Boiler Co., 


Hartford, 
Saginaw, Mich. 
Files and Rasps 

Barnett & Co., G. & H., 
Filters, Oil 


Burt Mfg. Co., Akron, O 
Liberty Mfg. Co., Pittsburg, Pa. 


Akron, O. 


Pittsburg Gage & Supply Co., Pitts- 
burg, Pa. 

Vire Brick 

McLeod & Henry Co., Troy, N. Y. 


Vresbrey Fire Brick Co., 


Mass. 


Taunton, 


Fittings, Hydraulic 
Watson-Stillman Co., New York. 
Kittings, Pipe 
Triumph Ice Machine Co., 
nati, Ohio. 
Ohio Brass Co., 


Cinein- 
Mansfield, O 
Flanges 


Station 
Mich. 


Central 
troit, 


Steam Co., De- 





Flange Fittings, High or 


Low Pressure 
Lunkenheimer Co., Cincinnati, O. 


Pittsburg Gage & Supply Co., Pitts- 
burg, Pa. 

Pittsburg Valve & Fittings Co., 
Barberton, O. 

Pittsburgh Valve, Foundry & Con- 
struction Co., Pittsburg, Pa. 

Williams Valve Co., D. T., Cincin- 


nati, Ohio. 
Floats 


Anderson Co., V. D., Cleveland, O. 


Reliance Gauge Column Co., Cleve- 
land, O. 

Furnaces 

Continental Iron Works, Brooklyn, 
mM 2. 

Murphy Iron Works, Detroit, Mich. 

Furnaces, Smokeless 


McClave-Brooks Co., Seranton, Pa. 


Murphy Iron Works, Detroit, Mich. 

Wilkinson Mfg. Co., Bridgeport, 
Penn. 

Gaskets - 

American Goetze Gasket & Pack- 
ing Co., New York. 

Brandt, Randolph, New York. 

Diamond Rubber Co., Akron, Ohio. 


Garlock Packing Co., Palmyra, N. Y. 
Jenkins Bros., New York. 


Johns-Manville Co., H. W., New 
York. 

Johnson Co., Henry, Jersey City, 

N. Y. Belting & Packing Co., New 
York. 

Quaker City Rubber Co., Philadel- 
phia, Pa. 

Smooth-On Mfg. Co., Jersey City, 


n.d. 
U. S. Mineral Wool Co., 
Gaskets, Copper 


Central Station Steam Co., 
Mich. 

Restein Co., 
~ 


New York. 


Detroit, 


Clement, Philadelphia, 


U. S. Mineral Wool Co., New York. 


Gauge Testing Outfit 


American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

Gauges 

American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

Bristol Co., The, Waterbury, Conn. 

Crosby Steam Gage & Valve Co., 
Boston, Mass. 

Huyette Co., Paul B., Philadelphia, 
Pa. 

Lunkenheimer Co., Cincinnati, O. 

Pittsburg Gage & Supply Co., Pitts- 
burg, Pa. 

Gauges, Ammonia 

American Steam Gauge and Vaive 
Mfg. Co., Boston, Mass. 

xauge Glasses 

American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

Garlock Packing Co., Palmyra, N. Y. 

Gauges, Pressure 

American Steam Gauge and Valve 


Mfg. Co., Boston, Mass. 
Pittsburgh Gage and Supply Co., 
Pittsburgh, Pa. 
Williams Valve Co., D. T., Cinecin- 


nati, 
Gauges, Recording 
American Steam Gauge and Valve 
_Mfg. Co., Boston, Mass. 
Pittsburgh Gage and Supply 
Pittsburgh, Pa. 
Gauges, Vacuum 
American Steam Gauge 
_Mfg. Co., Boston, Mass. 
Pittsburgh Gag» and Supply Co., 
Pittsburgh, Pa. 
Gauges, Water 
Ohio Brass Co., Mansfield, O. 
Generating Sets 
na Ingine Co., Bound Brook, 


Co., 


and Valve 


rs ‘rocker-Wheeler Co., Ampere, N. J. 
. & C. Electric Co., New York. 

i ngbere’ s Electric & Mechanical 
Works, St. Joseph, Mich. 

Ft. Wayne Electric Works, Ft. 
Wayne, Ind. 
General Electric 

N. ¥ 


Co., Schenectady, 


Northern Electrical Mfg. Madi- 
son, Wis. 

Skinner Engine Co., Erie, Pa. 

Sturtevant Co., B. F., Hyde Park, 
Mass. 


Co., 





Generating Sets —Continued. 
Watertown Engine Co., Watertown, 
N.Y 


Westinghouse Elec. & Mfg. 
Pittsburg, Pa. 


Co., 


Governors, Inertia 
Ide & Son, A. L., Springfield, Ill. 
Governors, Pump 


Berry Engineering Co., Chester, Pa. 


Chaplin-Fulton Mfg. Co., Indian- 
apolis, Ind. 

Dean Bros. Steam Pump Works, 
Indianapolis, Ind. 

d’Este Co., Julian, Boston, Mass. 


Fisher Governor Co., 
lowa. 
Foster 


Marshalltown, 


Engineering Co., Newark, 
Gardner, Governor & Separator Co., 
Quincey, Ill. 
Strong, Carlisle 
Cleveland, ¢ 


& Hammond Co., 


Graphite 


Dixon Crucible 
City, B.. d. 
Garlock Pac king Co., 


Co., Jos., 


Palmyra, N. Y. 


Jersey 


Grates 


Green Engineering Co., 
McClave-Brooks Co., Scranton, Pa. 
Martin Grate Co., Chicago, Ill. 
Grates, Clinker Cutting 
Neemes Bros., Troy, N. Y. 


Chicago, Ill. 


Grates, Shaking and Dump- 
ing 

McClave-Brooks Co., 

Neemes Bros., Troy, 


- ranton, Pa. 


Grates, ee 


Neemes Bros., Troy, N. Y. 
Grease 
Cook’s Sons, Adam, New York. 


Keystone Lubricating Co., Philadel- 
phia, Pa. 

Heating and Ventilating 
Apparatus 

Green Fuel Economizer Co., Mat- 
teawan, N. Y. 

Ohio Blower Co., Cleveland, O. 

Webster & Co., Warren, Camden, 

Hose, Air and Oil 

Diamond Rubber Co., Akron, Ohio. 

Garlock Packing Co., Palmyra, N. 

Mercer Rubber Co., Hamilton 
Square, N. 

a eee & Packing Co., New 


or 
Peerless Rubber Mfg. Co., New York. 


Pennsylvania Flexible Metallic Tub- 
ing Co., Philadelphia, Pa. 
Quaker City Rubber Co., Philadel- 
phia, Pa. 
Restein Co., Clement, Philadelphia, 
Pa. 
Hose, Steam and Water 
Diamond Rubber Co., Akron, Ohio. 
Garlock Packing Co., Palmyra, N. Y. 
Mercer Rubber Co., Hamilton 
Square, N. J. 
N.Y. Belting & Packing Co., New 
ork 
Peerless Rubber Mfg. Co., New 
“ork. 
Pennsylvania Flexible Metallic Tub- 


ing Co., 


Philadelphia, Pa. 
Restein Co., 
Pa. 


Clement, Philadelphia, 


Indicators, Ammonia 
American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 
Indicators, Gas Engine 
American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 
Indicators, Hydraulic 
American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 
Indicators, Speed 
American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 
Schaeffer & Budenberg Mfg. Co., 
Foxboro, Mass. 
Starrett Co., L. S., Athol, Mass. 
Indicators, Steam Engine 
American Steam Gauge and Valve 


Mfg. Co., Boston, Mass. 

Crosby Steam Gage & Valve Co. 
Boston, Mass. 

Lippincott Steam Specialty and 
Supply Co., Newark, N 

Robertson & Sons, James L., New 


York. 





Indicators, Steam Engine 
—Continued. 

Schaeffer & Budenberg Mfg. Co., 
Foxboro, Mass. 

Trill Indicator Co., Corry, Pa. 

Injectors 


American 
Mich. 
Desmond-Stephan Mfg. Co., 

Ohio. 
Lunkenheimer Co., 
Ohio Injector Co., 
Penberthy 

Mich. 
Randle Mach. 
Schutte & 


Injector Co., Detroit 


Urbana, 
Cincinnati, O. 
: Wadsworth, O 
Injector Co., Detroit 


. Co., Cincinnati, O. 
Koerting Co.; Philadel 


phia, Pa 

Insulation 

Johns-Manville Co., H. W., New 
York. 

Jacks, Hydraulic 

Watson-Stillman Co., New York. 

Joints, Expansion 

Central Station Steam Co., De- 
troit, Mich. 

Lamps, Are and Ineandes- 
cent 

Fort Wayne Electric Works, Ft. 
Wayne, Ind. 


General Electric Co., Schenectady, 
Westinghouse Electric and Mfg. Co., 
Pittsburg, Pa. 


Locks 

Yale & Towne Mfg. Co., New York. 

Lubricants 

Cook’s Sons, Adam, New York. 

Dearborn Drug & Chemical Wks. 
Chicago, Ill. 

Dixon Crucible Co., Jos., Jersey 
City, N. J. 

Keystone Lubricating Co., Phila- 
delphia, Pa. 

Lubricators 

Cook’s Sons, Adam, New York. 

Detroit Lubricator Co., Detroit, 
Mich. 


Greene, Tweed & Co., New York. 
Lunkenheimer Co., Cincinnati, O. 
Ohio Lubricator Co., Wadsworth, 0. 
Philadelphia Lubricator & Mfg. Co., 
Philadelphia, Pa. 
Machinery, Conveying 
Bartlett & Snow Co., C. O., 
land, 
Jeffrey Mfg. Co., Columbus, 
Machinery, Crank Pin Turn- 
ing 
Underwood & Co., H. 
phia, Pa. 
Machinery, Ice and Refrig- 
erating 
La Vergne Machine Co., 
York. 
Triumph Ice 
nati, Ohio. 
Vilter Mfg. Co., 
York Mfg. Co., York, Pa. 
Machinery, Second Hand 
Randle Mach. Co., Cincinnati, O. 
Machines, Portable Milling 


Underwood & Co., H. B., Philadel- 
phia, Pa. 


Cleve 


B., Philadel! 


New 
Machine Co., Cincin 


Milwaukee, Wis. 


Machines, Valve Reseating 


Leavitt Mach. Co., Orange, Mass. 
Mats and Matting 
Mercer Co., Hamilton 


Rubber 
Square, N. J. 


Mechanical Draft Apparatus 


Green Fuel Economizer Co., Mat 
teawan, N. Y. 

Mechanical Stokers 

Westinghouse Machine Co., Pitts 


burg, Pa. 
Wilkinson Mfg. Co., Bridgeport, Pa 
Meters, Steam 
St. John, G. C., New York. 
Meters, Water 
Blake Mfg. Co., Geo. F., 
Metal Polish 


Hoffman, Geo. 
Ind. 


New York 


W., Indianapolis, 
Oil Burners 


Hammel Oil Burner Co., 
Cal. 


Los Angeles, 
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Prescription Without 
Diagnosis Is Useless 














































WEBSTER CHEMICAL PURIFIER 


here’s no one Feed Water 

Heater, Purifier and Filter 

made that will exactly satisfy 
all conditions in all plants. 


ome may “‘cover a multitude 
of sins’, but the Heater 
that covers them all and gives 
best results must be adapted 
to individual requirements. 


e do not prescribe any 

one of the Webster 
Heaters for all conditions. 
We want to get a “‘diagnosis”’ 
of your needs. We have ex- 
pert engineers ready to study 

















your case and prescribe the 
Webster Heater that will give 
you the best possible results. 
Then we can guarantee that 
Heater absolutely. 


n general we can say that 

our Heaters will save you 
coal and water—more than 
any others onthe market. But 
you want to know how much— 
and that’s exactly what we 
want to tell you. 


rite us for full informa- 

tion. Let us specialize 

on your case. Booklet 12-F 
is free. 

















WEBSTER FEED-WATER HEATER, PURIFIER 
AND FILTER 








Warren Webster & Co.. 


Camden, New Jersey. 
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Oil and Grease Cups 

“Cook's Sons, Adam, New York. 

~Greene, 1 weed & Co., New York. 

Keystone Lubricating Co., Philadel- 
phia, Pa. 

ane Co., The, Cincinnati, 


Philadel hia eaeenie & Mfg. Co., 
Philac eee oe 

Williams Valve Co. ., D. T., Cincin- 
nati, O. 

@Oilers 

Lunkenheimer Co., Cincinnati, O. 

Pittsburg Gage & Supply Co., Pitts- 
burg, Pa. 

Oiling Systems 

Burt Mfg. Co., Akron, O. ’ 

Pittsburgh Gage & Supply Co., Pitts- 
burgh, Pa. 

Oils 

“Cook’s Sons, Adam, New York. 

Dearborn Drug & Chemical Wks., 
Chicago, Ill. 

Packing, Asbestos 


Diamond Rubber Co., Akron, 
Johns-Manville Co., H. W., 


Ohio. 
New 


York. : 
Johnson Co., Henry, Jersey City, 


Mercer Rubber Co., Hamilton 
Square, N. J. : 
Restein Co., Clement, Philadelphia, 

Pa. 
Packing, Flange 
American Goetze Gasket & Pack- 


ing Co., New York. 
Brandt, Randolph, New York. 
Carey Co., The Philip, Cincinnati, O. 
Diamond Rubber Co., Akron, Ohio. 
Eureka Packing Co., New York. 


—S Packing Co., Palmyra, 

Greene, Tweed & Co., New York. 

Jenkins Bros., New York. 

_Johns- Manville Co., H. W., New 
York. 

Mercer Rubber Co., Hamilton 
Square, N. J. 

N. Y. Belting & Packing Co., New 

or 

Peerless Rubber Mfg. Co., New 
York. 

Quaker City Rubber Co., Phila., Pa. 

Restein Co., Clement, Phila., Pa. 


Sayen, Osgood, Philadelphia, Pa. 
Vanda Co., New York. 
Packing, Hydraulic 
Brandt, Randolph, New York. 


Detroit Leather Specialty Co., De- 
troit, Mich. 
Diamond Rubber Co., Akron, Ohio. 
Garlock Packing Co., Palmyra, N. 
Johns-Manville Co., H. W., New 
ork. 

-Johnson Co., Henry, Jersey City, 
Mabbs Hydraulic Packing Co., 
Chicago, Ill. P 
Mercer a Co., Hamilton 


Square, N. 
Quaker City Fuibbe or Co., Phila., Pa. 
Restein Co., Clement, Phila., Pa. 
Robertson ‘& Sons, Jas. L., New 
York. 
Sayen, Osgood, Philadelphia, Pa. 
Stecl Mill Packing Co., Detroit, Mich. 
Vanda Co., New York. 


Packing, Metallic 

American Goetze Gasket & Pack- 
ing Co., New York. 

Cantield Mfg. Co., Philadelphia, Pa. 

Houchin- Aiken Co., Brooklyn, N. Y. 

Johns-Manville Co., H. W., New 
York. 

Mercer Rubber Co., Hamilton 


Square, N. J. 

Power Specialty Co., New York. 

Restein Co., Cleme nt, Phila., Pa. 

Sayen, Osgood, Philadelphia, Pa. 

Packing, Piston Rod 

American Goetze Gasket & Pack- 
ing ©o., New York. 

Cantield Mfg. Co., Philadelphia, Pa. 
C arey Co., ‘the P hilip, Cincinnati, O. 
Diamond ‘Rubber Co., Akron, Ohio, 
Eureka Packing Co., New York 
Garlock Packing Co., Palmyra, N. Y. 


Greene, Tweed & Co., New vork 

Johns-Manville Co., H. W., New 
York. 

New York Belting and Packing 
Co., New York. 


Peerless Rubber Mfg. Co., New York. 

7 City Rubber Co., Phila., Pa. 

Restein Co., Clement, Phila., Pa. 

Robertson & Sons, L., New 
York. 

Seven. Osgood, Philadelphia, Pa. 


Jas. 


Steel Mill Pac king Co., Detroit, 
Mich, 
Underwood & Co., H. B., Philadel- 


phia, Pa. 
Wanda Co., New Y ork. 





Packing, Pneumatic 
Diamond Rubber Co., Akron, Ohio. 


Mercer Rubber Co., Hamilton 
Square, N. J. 

Restein Co., Clement, Phila., Pa. 

Pipe 


Central Station Steam Co., Detroit, 
Mich. 


Pipe Bending 


Harrisburg Pipe & Pipe Bending 
Co., Harrisburg, Pa. 

National Pipe Bending Co., 
Haven, Conn. . 

Fiteberent Gage & Supply Co., Pitts- 
ur 

Whitlock Coil Pipe Co., Hartford, 
Conn. 


Pipe Clamp 

Simplex Engineering Co., Philadel- 
phia, Pa 

Pipe Cutters 


Armstrong Mfg. Co., 
Conn. 

Bignall & Keller Mfg. Co., Edwards- 
ville, Ill. 

Borden Co., Canton, O. 

Curtis & Curtis Co., 
Conn. 

Loew Mfg. Co., Cleveland, O. 

Oster Mfg. Co., The, Cleveland, O. 

Trimont Mfg. Co., Roxbury, Mass. 

= & Co., H., Brooklyn, 


New 


Bridgeport, 


Bridgeport, 


Pipe Joints 

Pittsburg Valve & Fittings Co., 
Barberton, O. 

Pittsburg Valve, 
struction Co., 

Whitlock Coil 
Conn. 


Pipe Threading Machines 


Foundry & Con- 
Pittsburg, Pa. 
Pipe Co., Hartford, 


Armstrong Mfg. Co., Bridgeport, 
Conn. 

Bignall & Keeler Mfg. Co., Ed- 
wardsville, Ill. 

Borden Co., Canton, O. 

Curtis & Curtis Co., Bridgeport, 
Conn. 


Loew Mfg. Co., Cleveland, O. 

Oster Mfg. Co., The, Cleveland, O. 

Toledo Pipe Threading Machine Co., 
Toledo, O. 

Trimont Mfg. Co., Roxbury, Mass. 

=e" & Co., J. H., Brooklyn, 


Planimeters 


American Steam Gauge & Valve 
Mfg. Co., Boston, Mass. 


Crosby Steam Gage & Valve Co., 
Boston, Mass. 

Lippincott Steam Specialty and 
Supply Co., Newark, N. J. 

Robertson & Sons, Jas. L., New 
York. 

Power Transmission 

American Mfg. Co., New York. 

Jeffrey Mfg. Co., Columbus, O. 

Minneapolis Steel & Mach’y Co., 
Minneapolis, Minn. 

Saginaw Mfg. Co., Saginaw, Mich. 


Presses, Hydraulic 

Watson-Stillman Co., New York. 

Producers, Gas 

De La Vergne Machine Co., New 
York. 

Minneapolis Steel & Mach’y Co., 


Minneapolis, Minn. 
Westinghouse Mach. 
Pa. 
Publishers 
American School of Correspondence, 


Chicago, Ill. 
Hill Publishing Co., New York. 


International Correspondence 
Schools, Scranton, Pa. 

Pulleys 

Myers & Bro., F. E., Ashland, O. 

Saginaw Mfg. Co., Saginaw, Mich. 

Pulleys, Clutch 

Williams Fdry. & Mach. Co., Akron, 
Ohio, 

Pumps, Air 

Blake Mfg. Co., Geo. F., New York. 

Wheeler Condenser & Engineering 
Co., New York. 

Pumps, Boiler Feed 

Kewanee Boiler Co., Kewanee, IIl. 

Pumps, Centrifugal 

Wheeler Condenser & Engineering 

o., New York. 
Pumps, Deep Well 
Blake Mfg. Co., Geo. F., New York. 


Co., Pittsburg, 





Pumps, Electric 

Blake Mfg. Co., Geo. F., New York. 

Wheeler Condenser & Engineering 
Co., New York. 

Pumps, Force-Feed Oil 

Greene, Tweed & Co., New York. 

Lunkenheimer Co., Cincinnati, O. 

Manzel Bros. Co., Buffalo, N. Y. 

Pumps, Hydraulic 

Blake Mfg. Co., Geo. F., New York. 

Watson-Stillman Co., New York. 

Wheeler Condenser & Engineering 
Co., New York. 

Pumps, Mining 

Blake Mfg. Co., Geo. F., New York. 

Pumps, Oil 

American Steam Pump Co., Battle 
Creek, Mich. 

Dean Bros. Steam Pump Works, 
Indianapolis, Ind. 

Deming Co., The, Salem, O. 

Detroit Lubricator Co., Detroit. Mich. 

Du Bois Iron Wks., Du Bois, Pa. 

Lunkenheimer Co., ec incinnati, Ohio. 

Penberthy Injector Co., Detroit, 
Mich. 

Pittsburg Gage & Supply Co., Pitts- 
burg, Pa 

Union Steam Pump Co., Battle 
Creek, Mich. 

Warren Steam Pump Co., Warren, 
Mass. 

Pumps, Steam 

American Steam Pump Co., Battle 


Creek, Mich. 
Blake Mfg. Co., Geo. F., New York. 
Dean Bros. Steam Pump Works, 


Indianapolis, Ind. 
De Laval | ne Turbine Co., Tren- 
ton 
Du Bois Iron Works, Du Bois, Pa. 
— Gov. & Sep. Co., Quincy, 
ee Co., John H., Cincinnati, 
a & Bro., F. E., Ashland, O. 
National antl 4 Co., Upper 
Sandusky, O. 
Stewart Heater Co., Buffalo, N. Y. 
Union Steam Pump Co., Battle 
Creek, Mich. i 
Warren Steam Pump Co., Warren, 


Mass 
Wheeler Cond. & Eng. Co., New 
York. 


Worthington, Henry R., New York. 

Pumps, Triplex 

Deming Co., The, Salem, O. 

Pumps, Turbine 

Alberger Condenser Co., New York. 

Wheeler Condenser & Engineering 
Co., New York. 

Pumps, Vacuum 

Wheeler Condenser & Engineering 
Co., New York. 

Punches, Hydraulic 

Watson-Stillman Co., New York. 

Purifiers, Live Steam 

Hoppes Mfg. Co., Springfield, O. 

Purifiers, Water 


Buckeye Boiler Skimmer Co. 
Ohio. 

Eclipse Feed Water Heater and 
Purifier Co., Appleton, Wis. 

Harrison Safety Boiler Works, 
Philadelphia, Pa. 

Hoppes Mfg. Co., vows 


, Toledo, 


Keystone Chemical Co., Phila. “Pa. 

Northern Water Softener C 0., Madi- 
son, Wis. 

Wheeler ¢ — enser & Engineering 
Co., New York. 

Whitlock Coil Pipe Co., Hartford, 
Conn, 


Pyrometers 

American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

Bristol Co., The, Waterbury, 

Re-Cooling Plants 


Conn. 


De La Vergne Machine Co., New 
York. a f 
Schutte & Koerting Co., Philadel- 


phia, Pa. 
Recording Instruments 
American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 
Bristol Co., The, Waterbury, Conn. 
Crosby Steam Gage and Valve Co., 
Boston, Mass. 
Reducing Wheels 


American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

Crosby Steam Gage & Valve Co., 
Boston, Mass. 


Lippincott Steam prcciaity and 
Supply Co., Newark, N. 
Robertson & Sons, Jas. . New 


York. 
Trill Indicator Co., Corry, Pa. 





Refrigeration Machinery 

De La Vergne Machine Co., New 
ork. 

se Ice Mach. Co., Cincinnati, 

Vilter Mfg. Co., Milwaukee, Wis. 

York Mfg. Co., York, Pa 

Regulators, Damper 

Berry Engineering Co., Chester, Pa. 

Davis Regulator Co., G. M., Chicago, 


Ill. 
d’Este Co., Julian, Boston, Mass. 
Kitts Mfg. Co., Oswego, N.Y. 
Lagonda Mfg. Co., Springfield, O. 
Mason Regulator Co., Boston, Mass. 
Robertson & Sons, Jas. L., New 


York. 
Watson & McDaniel Co., Phila., Pa. 
Regulators, Feed Water 


Berry Engineering Co., Chester, Pa. 
Chaplin-Fulton Mfg. Co., Pittsburg, 
Ve 


a. 

—_ Regulator Co., G. M., Chicago, 
d’Este Co., Julian, Boston, Mass. 
a Engineering Co., Newark, 


Lagonda Mfg. Co., Springfield, O. 

Mason Regulator Co., Boston, Mass. 

Strong, Carlisle & Hammond Co., 
Cleveland, O. 

Watson & McDaniel Co., Phila., Pa. 


Regulators, Pressure 
Davis Co., John, Chicago, Ill. 


Davis Regulator Co., G. M., Chi- 
cago, Ill. 
Dean Bros. Steam Pump Works, 


Indianapolis, Ind. 

d’Este Co., Julian, Boston, Mass. 

Fisher Governor Co., Marshalltown, 
Iowa. 

Foster Engineering Co., Newark, 

Ohio Brass Co., Mansfield, O. 

Robertson & Sons, Jas. L., New 
York. 

Strong, Carlisle & Hammond Co., 
Cleveland, O. 

Watson & McDaniel Co., Phila., Pa. 


Repairs, Engine and Pump 


Underwood & Co., H. B., Philadel- 
phia, Pa. 


Reseating Machines, 
Cap 

Lagonda Mfg. Co., Springfield, O. 

Liberty Mfg. Co., Pittsburg, Pa. 


Reseating Machines, Valve 
Leavitt Mach. Co., Orange, Mass. 
Rope Dressing 

Cling-Surface Co., Buffalo, N. Y. 
Rubber Goods, Mechanical 


Diamond Rubber Co., Akron, Ohio. 

Garlock Packing Co., Palmyra, se S 

Greene, Tweed & Co., New York. 

Mercer. Rubber Co., Hamilton 
Square, N. 

New York Belting & Packing Co., 
New York. 


Flue 


Peerless Rubber Mfg. Co., New 
York. 
Quaker City Rubber Co., Phila., Pa. 


Restein Co., Clement, Phila., Pa. 
Schools, Correspondence 
American School of Correspondence, 
Chicago, Ili. 
International Correspondence 
Schools, Scranton, Pa. 
Search Lights 
Engberg’s_ Electric & Mechanical 
Works, St. Joseph, Mich. 
Separators and Extractors, 
Steam and Oil 
ss  ainaaan & Son, Wm., 
ll. 
Beggs & Co., Jas., New York. 
d'Este Co., Julian, Boston, Mass. 
Direct Separator Co., Syracuse, N. Y. 
Goubert Mfg. Co., New York. 
Harrison Safety Boiler Works, Phila- 
delphia, Pa. 
Hoppes Mfg. Co., 
Ohio Blower Co., Cleveland, O. 
Patterson & Co., F. L., New York. 
Pittsburgh Gage & Supply Co., Pitts- 


burgh, Pa 
Jas. L., New 


Robertson 

York. 
Watson & McDaniel Co., New York. 
Webster & Co., Warren, Camden, 


Chicago, 


Springfield, O. 


& Sons, 


Wheeler Condenser & Engineering 
Co., New York. 

Whitlock Coil Pipe Co., 
Conn, 

Williams Valve Co., D. T., 
nati, O 


Hartford, 


Cincin- 
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OSTER EASY CUTTING || “ozo 
STOCKS || smcnemme cseee, 


Have special and important features which 
make them 
INSTRUMENTS OF SUPERIOR WORTH. 


They are faithful servants, working for you 
day and night 


WEHAVE A LARGE VARIETY OF CHARTS 
OR WILL MAKE FOR SPECIAL PURPOSES 



















Look them up before you purchase 


CROSBY STEAM GAGE & VALVE CO. 


BOSTON NEW YORK CHICAGO LONDON 














WHAT! NO INDICATOR ? 


NO LEADER SCREW perveeeaes eet sas 


to back out after each thread, 
to add friction to the load on the handle, 


outfit, new, from $25 00 
up, and thatI will let you 
pay a part ofit acting as 
my agentin your spare 
time ? 








J ay y horough co ’ Oyl. fo 
to be cleaned ev ery day ’ cy andiane temreneen with a } ntay A= : 
. . “s° . aie yractice with . 
to get stuck with chips and oil in the middle fine indicator to practice with for and high pressure work 
of a cut, A. C. LIPPINCOTT, Newark, N,. J. 
to put a bushing in for each size. 





This one has no such trouble, and is complete GOOD BOOKS? 


for pipe 1” to 2”, one set of dies. 


‘ , Yes, we publish the best power plant books and sell all 
$20.00 List Price books of all publishers. Don’t think of books without 


THE OSTER MANUFACTURI NG CO. thinking of us. Read our large ads elsewhere in this issue. 


Write for our 68-page Catalog. 
j 21 SCHIELY ST., CLEVELAND, OHIO HILL PUBLISHING CO., 505 Pearl Street, New York 

















FITCHBURG 
ENGINES 


Ask any user! 

Perfectly balanced piston valves, 
guaranteed for 20 years. 

Sixty minutes’ attention once a 
year keeps the ‘‘Fitchburg”’ steam 
tight for a quarter of a century. 

That’s not nearly all. 


Write for particulars 

















GUARANTEED 
TO FIT AND WEAR 


Fitchburg Steam Engine Co. ’ Write for Catalog and Samples 


‘ Fitchburg, Mass. 
f E. H. Ludeman & Co., 165 in Ma York. H. J. Gebhardt, 1419 DETROIT LEATHER SPECIALTY C9.; [NC. 


Fisher Building, Chicago. Geo. H. Conner, 509 Mutual Life Building 
Philadelphia, Pa. W. ©. Teas, Chattanooga, Tennessee. 

















175 BEECHER AVENUE, DETROIT, MICH. 
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Sheathing Switchboards, Light and | Valves,—(Continued. Valves, Pop Safety 
Carey Co., The Philip, Cincinnati, Power —Continucd. j Davis Regulator Co., G. M., Chicago,| American Steam Gauge & Valve 
Ohio Northern Electrical Mfg. Co., Madi- | _ Ill. ; ; ‘ Mfg. Co., Boston, Mass. 
Johns Manville Co., H. W., New son, Wis. Engberg’s_ Electric & Mechanical} Ashton Valve Co., Boston, Mass. 
York. Westinghouse Electric & Mfg. Co., Works, St. Joseph, Miéh. Lunkenheimer Co., Cincinnati, O. 
Pittsburg, Pa. Jenkins Bros., New York. Williams Valve Co., D. T., Cincin- 
Skylights Liberty Mfg. Co., Pittsburg, Pa. 


Burt Mfg. Co., Akron, O. 

Smoke Preventers 

Climax Smoke Preventer Co., Bos- 
ton, Mass. 

Specialties, Steam 

American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

American District Steam Co., Lock- 


port, N. 
Wm., 


Baragw bet & Son, Chicago, 
Ill. 


Berry Engineering Co., Chester, Pa. 
Davis Regulator Co., G. M., Chicago, 


Julian, Boston, Mass. 
Marshalltown, 


Works, 


Ill. 
d’Este Co., 
Fisher Governor Co., 


la. 
Harrison Safety 
Philadelphia, a. 
Hoppes Mfg. Co., Springfield, O. 
Liberty Mfg. Co., Pittsburg, Pa. 
Lippincott Steam Specialty 
Supply Co., Newark, 
Lunkenhe' imer C 10., C incinnati, Ohio. 
McCrea & Co., James, Chicago, Ill. 
Nason Mfg. Co., New York. 
Ohio Brass Co., Mansfield, Ohio. 
Patterson & Co., F. L., New York. 


Boiler 


and 


Penberthy Injec tor Co., Detroit, 
Mich. ; 
Pittsburg Gage & Supply Co., Pitts- 


burg, Pa 
Re a Gauge Column Co., 
land, 
Restein Go., 


Cleve- 


Clement, Philadelphia, 


Pa. 

Robertson & Sons, Jas. L., New 
York. 

Stephenson Mfg. Co., Albany, N. Y. 


Strong, Carlisle & Hammond Co., 
Cleveland, O. 

Watson & McDaniel Co., Phila., Pa. 

Webster & Co., Warren, Camden, 


N. J. 
Wheeler Cond. & Eng. Co., New 
York. 


Steam Heating Supplies 


American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

Erie Mfg. & Supply Co., Erie, Pa. 

Foster Engineering Co., Newark, 


Ohio Blower Ce., Cleveland, O. 
Ohio Brass Co., Mansfield, Ohio. 


Stocks and Dies 


Armstrong Mfg. Co., 
Conn. 

Bignall & Keeler Mfg. Co., Edwards- 
ville, Ill. 

Borden Co., Canton, O. 

Curtis & Curtis Co., 
Conn, 

Loew Mfg. Co., Cleveland, O. 

Oster Mfg. Co., The, Cleveland, O. 

Toledo Pipe Threading Machine Co., 
Toledo, O. 


Stokers 


Green Engineering Co., Chicago, Il. 
McClave-Brooks Co., Scranton, Pa. 


Bridgeport, 


Bridgeport, 


Westinghouse Mach. Co., Pittsburg, 
Pa. 

— Mfg. Co., Bridgeport, 
ae 


Stokers, Mechanical 
McClave-Brooks Co., Scranton, Pa. 


Strainers 


Dean Bros. Steam Pump Works, 
Indianapolis, Ind. 

Liberty Mfg. Co., Pittsburg, Pa. 

Lunkenheimer Co., Cincinnati, O. 


Superheaters, Steam 


Babcock & Wilcox Co., New York. 
Parker’ Boiler Co., Phila., Pa. 
Power Specialty Co., New York. 
Providence Eng. Wks., Providence, 


ne 
Whitlock Coil Pipe Co., Hartford, 
Conn, 


Supplies 

N. Y. & N. J. Lubricant Co., New 
York. 

Switchboards, Light and 
Power 

Engberg’s Electric & Mechanical 


Works, St. Joseph, Mich. 


Cc. & C. Electric Co., The, New York. 
Fort Wayne Electric Works, Ft. 


Wayne, Ind. 


General Electric Co., Schenectady, 





Switches, Electric 

Engberg’s Electrical & Mechanical 
Works, St. Joseph, Mich. 

General Electric Co., Schenectady, 
ie 

Westinghouse Electric & Mfg. Co., 
Pittsburg, Pa. 

Syphons, Acid 

Pittsburg Gage 
Pittsburg, Pa. ; 

Sherwood Mfg. Co., Buffalo, N. Y. 


& Supply Co., 


Tachometers 

Schaeffer & Budenberg Mfg. Co., 
Foxboro, Mass. 

Tanks 

Phoenix Iron Wks., 

Taps and Dies 


Meadville, Pa. 


Toledo Pipe Threading Mach. Co., 
Toledo, Ohio. 

Temperature Regulators 

d’Este Co., Julian, Boston, Mass. 


Thermometers, Feed Water 

American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

Bristol Co., The, Waterbury, Conn. 

Pittsburg Gage & Supply Co., Pitts- 
burg, Pa. 

Tools, Scraping 

Mound Tool & Scraper Co., St. 
Louis, Mo. 

Transformers and Convert- 
ers 


General Elec. Co., Schenectady, N.Y. 
Westinghouse Electric and Mig. Co., 
Pittsburg, Pa. 


Traps 
Anderson Co., V. D., Cleveland, O. 
Central Station Steam Co., De- 


troit, Mich. 
— Regulator Co., G. M., Chicago, 
d’Este Co., Julian, Boston, Mass. 
Jenkins Bros., New York. 
Kitts Mfg. Co., Oswego, N. Y. 
McCrea & Co., James, Chicago, IIL. 
Morehead Mfg. Co., Detroit, Mich. 
Nason Mfg. Co., New York. 
Ohio Blower Co., Cleveland, O. 
Platt & Co., John, New York. 
Reliance Gauge Column Co., 
land, O. 
Schutte & Koerting Co., Phila., Pa. 
Strong, Carlisle & Hammond Co., 
Cleveland, O. 
Watson & McDaniel Co., Phila., Pa. 
Williams Valve Co., D. T., Cincin- 
nati, O. 
Tube Cleaners 


Lagonda Mfg. Co., 
Liberty Mfg. Co., Pittsburg, Pa. 
McCrea & Co., James, Chicago, III. 
Pierce Co., Wm. B., Buffalo, N. Y. 
Robertson & Sons, Jas. L., New 
York. 4 
Sherwood Mfg. Co., Buffalo, N. Y. 
Tube Cleaner Rods 
McCrea & Co., James, Chicago, Ill. 
Tube Cutters 
Lagonda Mfg. Co., Springfield, O. 
Tubing 


Johns-Manville Co., H. W., New 
York 


Peerless Rubber Mfg. Co., New York. 
Pennsylvania Flexible Metallic Tub- 

ing Co., Philadelphia, Pa. 
Turbines, Steam 


De Laval Turbine Co., Trenton, N. J. 
General Electric Co., Schenectady, 
N.. 2 


Cleve- 


Springfield, O. 


Scully Steel & Iron C 0., 

Westinghouse Mac hine 
burg, Pa. 

Unions 

Lunkenheimer Co., Cincinnati, Ohio. 

Pittsburg Valve and Fittings Co., 
Barberton, O. é 

Williams Valve Co., D. T., Cincin- 


Chicago, Ill. 
Co., Pitts- 


nati, O. 
Valves 
Amer. Steam Gauge & Valve Mfg. 
=—Co., Boston, Mass. 
Ashton Valve Co., Boston, Mass. 
Crosby Steam Gage & Valve Co., 


Boston, Mass. 





Lunkenheimer Co., Cincinnati, Ohio. 
Ohio Brass Co., Mansfield, Ohio. 


Pittsburg Valve & Fittings Co., Bar- 
berton, O. 

Pittsburg Valve, Foundry & Con- 
struction Co., Pittsburg, Pa. 

Se ae ge Koerting Co., Philadel- 
phia 

Walch & Wyeth, Chicago, Il. 

Watson & McDaniel Co., Philadel- 


phia, Pa. 
Valves, Automatic Cut-off 
Foster Engineering Co., Newark, 
Lagonda 1 Manufacturing Co., 
1el¢ 


Walch & Wyeth, Chicago, Ill. 


Spring- 


Valves, Automatic Relief 
Walch & Wyeth, Chicago, Ill. 
Valves, Back Pressure 


Best Mfg. Co., Pittsburg, Pa. 

~— Regulator Co., G. M., Chicago, 

Foster Engineering Co., Newark, 

Jenkins Bros., New York. 

Pittsburg Valve Foundry and Con- 
struction Co., Barberton, O. 

Walch & Wyeth, Chicago, Ill. 


Valves, Blow-off 


Homestead Valve Mfg. 
burg, Pa. 
Pittsburgh Gage & Supply Co., Pitts- 


burgh, Pa, 


Co., Pitts- 


Valves, Check 

Walch & Wyeth, Chicago, Ill. 

Valves, Cylinder Relief 

Amer. Steam Gauge and Valve Mfg. 
Co., Boston, Mass. 

Crosby Steam Gage & Valve Co., 
Boston, Mass. 


— Regulator Co., G. M., Chicago, 
ll 


Lunkenheimer Co., Cincinnati, O. 
Valves, Drain 
Lunkenheimer Co., Cincinnati, O. 


Williams Valve Co., D. T., Cincin- 
nati, Ohio. 


Valves, Electro-Hydraulic 
Engberg’s Electric & Mechanical 

Works, St. Joseph, Mich. 
Valves, Exhaust Relief 
Walch & Wyeth, Chicago, Ill. 
Valves, Float 


Foster Engineering Co., Newark, 


Homestead Valve Mfg. 
burg, Pa. 

Pittsburg Gage & 
Pittsburg, Pa. 


Co., Pitts- 
Supply Co., 


Valves, Free Exhaust 


Schutte & Koerting Co., Philadel- 
phia, Pa. 

Valves, Gate 

Central Station Steam Co., Detroit, 


Mich. 

Lunkenheimer Co., Cincinnati, O 

Ohio Brass Co., Mansfield, Ohio. 

Pittsburg Valve and Fittings Co., 
Barberton, O. 

Pittsburgh Gage & Supply Co., Pitts- 
burgh, Pa 

Walch & W yeth, Chicago, Ill. 

Williams Valve Co., D. T., Cincin- 
nati, O. 

Valves, Hydraulic 

American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

Engberg’s Electric & Mechanical 
Works, St. Joseph, Mich. 

Lunkenheimer Co., Cincinnati, O. 


Pittsburg Gage & Supply Co., Pitts- 
‘burg, Pa. 
Watson-Stillman Co., New York. 


Williams Valve Co., D. T., Cinein- 
nati, Ohio. 

Valves, Tron, Stop 

Williams Valve Co., D. T., Cincin- 
nati, Ohio. 

Valves, Non-return 


Walch & Wyeth, Chicago, Il. 





nati, O. 
Valves, Pump 
Garlock Packing Co., Palmyra, N. Y 
Valves, Reducing 
. G. M., Chicago 
Ohio Brass Co., Mansfie ld, 


Watson & McDaniel C 0., 
phia, Pa. 


Davis Regulator Co., 
Ill 


Ohio. 
Philadel 


Valves, Regrinding 


Lunkenheimer Co., 

Pittsburg Valve 
Barberton, O. 

Strong, Carlisle 
Cleveland, O. 

Williams Valve Co., D. T., 
nati, O. 


Cincinnati, O. 
and Fittings Co. 


& Hammond Co., 


Cincin- 


Valves, Regulating 


Fisher Governor Co., Marshalltown 
lowa. 

Ohio Brass Co., Mansfield, Ohio. 

Pittsburg Gage & Supply Co., Pitts- 
burg, Pa. 


Valves, Relief 


Amer. Steam Gauge & Valve Mfg 
Co., Boston, Mass. 

Ashton Valve Co., Boston, Mass. 

d’Este Co., Julian. Boston, Mass. 

Jenkins Bros., New York. 

Lunkenheimer Co., Cincinnati, O. 

Peerless Rubber Mfg. Co., New York. 

Power Specialty Co., New York. 

Quaker City Rubber Co., Philadel- 
phia, Pa. 

Wheeler Condenser & Engineering 
Co., New York. 


Valves, Safety 


Amer. Steam Gauge & Valve Mfg 
Co., Boston, Mass. 
Lunkenheimer Co., Cincinnati, O 


Pittsburg Gage & Supply Co., Pitts 
burg, Pa 

Valves, Safety Gate 

Walch & Wyeth, Chicago, Ill. 

Valves, Stop Check 

Schutte & .\oerting Co., Philadel- 
phia, Pa. 

Williams Valve Co., D. T., Cinein- 


nati, Ohio. 


Valves, Swing Gate 

Walch & Wyeth, Chicago, IIL. 

Williams Valve Co., D. T., Cincin- 
nati, Ohio. 

Valves, Water Relief 

American Steam Gauge & Valve Mfg 
Co., Boston, Mass. 

Lunkenheimer Co., The, Cincinnati 
O. 

Ventilators 

Burt Mfg. Co., Akron, O. 

Ohio Blower Co., Cleveland, Ohio. 

Water Columns and Alarms 

American Steam Gauge and Valy 
Mfg. Co., Boston, Mass. 

Lunkenheimer Co., Cincinnati, O 


Pittsburg Gage & Supply Co., Pitts- 
burg, Pa. 
Reliance Gauge Column Co., Cleve- 


land, O. 


Water Filtration and Soft- 
ening Plants 

Eclipse Feed Water Heater and 
Purifier Co., Appleton, Wis. 

Harrison Safety Boiler Wks., Phila 

_delphia, Pa. 

Keystone Chemical Mfg. Co., Phila 
delphia, Pa. : 

Northern Water Softener Co., Madi- 
son, Wis. 

Whistles 

Williams Valve Co., 
nati, Ohio. 

Whistles, Chime 

American Steam Gauge & Valve Mfg 
Co., Boston, Mass. 

Lunkenheimer Co., Cincinnati, O. 


D. T., Cincin- 


Pittsburg Gage & Supply Co., Pitts 
burg, Pa. 
Wrenches 
Curtis & Curtis Co., Bridgeport 
Conn. 
Trimont Mfg. Co., Roxbury, Mass. 
Brooklyn, 


Williams & Co., J. H., 
A 
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Ever See Any Metallic 


Packing Like This Before? It’s 


TRADE MARK 





The new packing composed of long pliable 
filaments of non-friction metal treated with 
our mineral lubricating compound. 

The parts next the moving rod or stem 
quickly acquire a glazed surface, wonderfully 
smooth and slippery, while the outer parts re- 
tain their original fibrous condition. 

It withstands the highest temperature of 
super-heated steam; and is unaffected by acid, 
water or ammonia. 

It can’t be blown out or sucked in, no matter 
what the speed or pressure: and, since its 
volume never changes, a rod once packed 
stays packed. 

It contains no animal or vegetable material 
whatever, consequently cannot carbonize and 
cut the rod. 


——FREE—— 


If you want a sample fill in and send to us the coupon below: 





Canfield Manufacturing Co., Phila., Pa. 


Gentlemen :— Kindly send me free, a sample of Amtest 
Metallic Packing. 


Name of Firm.......... ; aise daiwierlicink Seen a sas aN eeeme 


I ae alte sb ai cknseesnsG ibs Fed eee eeeaaennenccenssmeneee 
Number and Total H. P. of Engines .............---.eseeeeeeeeee 





Canfield Manufacturing Co., Ltd. 
Philadelphia, Pa. 











CLING- 
SURFACE 


Is Used Everywhere 





Foreign use of 
American goods means 
less than it used to. 

But it always 
means that Cling—Surface 
must be good —the best— 
to be used in every 
country that runs belts. 

It is. It is used in 
the Government yards 
and docks in England, 
India and Japan. By 
the Australian Govern- 
ment railways. In the 
French Government to- 
bacco factories, by the 
Canadian Government, 
Mexican Government, of 
course our own and others 
and numberless private 
users. 





Because it does the 
work. 


Cling Surface 


We guarantee it to make and keep 
your belts and ropes pliable, preserved 
and waterproof. To prevent all dry- 


ing out or cracking and prolong their 
lives. 

And to prevent all slipping so 
every belt or rope can be run easy or 
slack and carry full loads. 


These results you want. 


Only Cling-Surface can give them. 


Write Us. 


Cling-Surface Company 


1049 Niagara Street Buffalo N Y 
New York Boston Denver Atlanta 
Chicago St. Panl 8t. Louis Memphis etc 


London Thomas & Bishop 119-125 Finsbury Pavement EO 
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ARTI AA ACA SEC BIRESE OEE 


INDIAN RED 








SHEET PACKING 









Stays 
Where It’s Put. 


Ask Any Engineer 
Who’s Used It. 





Practically without advertising or other stimulation, the annual sales of 
INDIAN RED SHEET PACKING have grown from thousands of pounds 


to thousands of tons. Many engineers will have nothing else. 


The Reason—SERVICE, DEPENDABILITY, RELIABILITY. 


Our New Catalogue covers PACKING, BELTING, HOSE, 
VALVES, ETC., very fully. Shall we send it? 


The Diamond Rubber Go. 


Akron, Ohio 
COMPLETE DIAMOND STOCKS CARRIED BY 


THE DIAMOND RUBBER CO., OF N. Y., 1876 Broadway, N. Y. BUFFALO MILL SUPPLY CO., Buffalo, N. Y. 

THE DIAMOND RUBBER CO., OF N. Y., 304 N. Broad St., Phila., Pa. PITTSBURG RUBBER & LEATHER CO.. Pittsburg, Pa. 
THE DIAMOND RUBBER CO., 1523 Michigan Ave., Chicago SOUTHERN HARDWARE & SUPPLY CO., Mobile, Ala. 
THE DIAMOND RUBBER CO., 3963 Olive St., St. Louis, Mo. ALABAMA MACH. & SUPPLY CO., Montgomery, Ala. 
THE DIAMOND RUBBER CO., Mission and 2nd Sts., San Francisco, Cal. CONSUMERS RUBBER CO., Cleveland, Ohio 

THE GUSTIN-BACON MFG. CO., Kansas City, Mo. M. |. WILCOX CO., Toledo, Ohio 
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COLLIN: 


STEAM PRESSURE 
REGULATING VALVE 


SIMPLE, DURABLE 
AND DEPENDABLE. 


Insures Continuous Perfect Regulation. 
Write To-day for Booklet P-B. 


THE OHIO BRASS COMPANY, Mansfield, 0., U.S. A. 


32 Cortlandt St., New York. 277 Dearborn St., Chicago. : 138 Front St., San Francisco. 
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THE EMERGENCY PIPE 
CLAMP, for repairing splits 
and rust holes. Made of mal- 
leable iron from \% in. to12 
inches. 







We are publishing the best books for 
engineers—we handle all books of all 

publishers, When you get up against ee ee a oe 
a knotty question, write us and if there ——<«—I«"™mEF 


ae PIPE REPAIRS FOR ANY CONDITION 


Send for Catalog of 


HILL PUB I F 9 STEAM SPECIALTIES 
$08 PEARL sv. Maw von, | JAMES McCREA & Co.. | 











61 West Washington Street, Chicago. 












































“ Torpedo-Asbestos ” 


HIGH PRESSURE 
SHEET PACKING 


Now used extensively by the lead- 
ing shipyards in the United States. 


Style No. 1050—U.8.N. Special, 
for high pressure and superheat. 
Style No. 10G0—Best Commer- 
cial, Soft, flexible, good for all- 
round work. 


Don’t Experiment 
with packings. Use 
something you are sure 
will do your work. 
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A great many problems may have arisen be- 
fore you, that might have seemed improbable, 
but which have been made possible by the Foster 





' TORPEDO-ASBESTOS Valve Specialties. 
pg le. soe ag aan We guarantee, should you tell us, under what 


trouble you are laboring, to alleviate these troub- 
les with one or another of our specialties, as the 
occasion demands. 


Write for our 
Catalog 
You need not feel that you are committing 
yourself when you send us an inquiry, but we feel 
that when we learn all we can stand up for in 
regard to our specialties, that you will deferen- 
tiate in their favor. 


Send in your orders 
for all kinds of 
Engine Room gsup- 
plies. 





Send in your inquiry. We have catalogs that 
tell all about all our specialties. 


FOSTER ENGINEERING CO., 


NEWARK, N. J. 


Room 304, No 49 Dearborn St., Chicago, III. 
405 Harrison Bldg., Philadelphia, Pa. 


Stock carried at 
Adkins, Young & Allen Co., 50-52 8S. Canal 8t., Chicago, Ill. 


\sbestos Metallic Steam Sheet Packing, 


bout 250 bs. to roll, 40 in, wide, all 
thicknesses, 


New oo Main Office, 421 Arcade Bldg. 
Usgood Sayen stn a Marker Sts., Pailadelphia, Pa. 
Store and Warerooms, 131 Market St., Philadelphia. 
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INDUCTION KOERTING 


CONDENSER 


INDUCTION 































BLES FOR ALL PURPOSES 


Its Usefulness 


q This condenser 
is applicable only 
to engines subject 
to load variations 
at regular and not fre- 
quent intervals such 
as Centrifugal Pumps, 
Mine Pumps, Air 
Fans and engines in 
Cement Mills, and on 
Steamboats, etc. For 
engines working 
with a regular 
load, the conden- 
sor can take its full 
water supply 
under a suction up 
to a height of 16 ft. 








Its Advantages 


q The Koerting 
Induction Con- 
denser provides its 
own water supply- 
There is no waste 
of steam or power 
to operate an air 
pump, and the cost 
of maintenance is 
practically noth- 
ing. Will produce 
a vacuum from 23 
inches up, accord- 
ing to temperature 
and other condi- 
tions of water sup- 
ply. It has no 
moving parts 
therefore no wear 
and tear. 

Write for catalog 
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Schutte @ Koerting Co. © 


PHILADELPHIA 


NEW YORK, 50 Church St. 
CHICAGO, Security Bidg. j 





BOSTON, 43 High St. 


PITTSBU RG, Keenan Bidg 
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WHY SHOULD | HAVE A 


Lagonda Automatic 


Cut-Off Valve 


On 
Every 


Boiler ? 


You wouldn’t ask this 
ifas many preventable 
accidents had come to 
your attention as to 
ours. 


You wouldn’t ask this 
if you knew how the 
Lagonda Valve 
works, 





It Affords Protection Which Can’t Be Obtained 
In Any Other Way. 


Tell us how many boilers you have, what H. P. 
each, and we will quote price, or send a Lagonda 
Cut-Off Valve on 60 days’ free trial. If it doesn’t 
do what we say, send it back. 


Write for our Cut-Off Valve Bulletin. 





Ask about our 


WING ARM HEAD 


for Weinland Turbine Cleaners. It is absolutely 
unequaled. Furnished with all new Cleaners. Can 
be used on all now in use. 


The LAGONDA Mfg. Co. 


Makers of Weinland Boiler Tube Cleaners and 
Lagonda Reseating Machines and Tube Cutters. 


Springfield, Ohio. 


New York Philadelphia Pittsburg Chicago San Francisco 
Birmingham Toledo London 
56-A 


SESS Seseseseseseseseseseseseseeoseoeoeoooeooee 














We're Going to 
Raise Your Salary 


“Yes, young man, we find that the train- 
ing you have applied to your work has 
been so beneficial to the Company that 
we are going to encourage your further 
efforts by raising your salary.” 


Such scenes as these are actually taking 
place every day. The man who gets the 
raise is the trained man—the expert— 
while the untrained man plods along at the 
same old wages. If you are poorly paid 
and have ambition, there is a practical and 
definite system by which you can obtain 
promotion—a system that last year brought 
over $20,000,000 in increased salaries to the 
men that adopted it. 

You won’t have to leave home; there’ll 
be no interruption in your work; there’s 
no age limit; you won’t have to buy books; 
it makes no difference what you do or where 
you live; lack of capital is no barrier; it 
makes no difference how scant your spare 
time may be. 

If you are ambitious, mark and mail this 
coupon NOW and find out the most prac- 
tical way to raise your salary. 

SSeS SeeeeeoSSSseSsesosesSeseseseeoeoeoeoeoeoeoeeeeee eee 

INTERNATIONAL CORRESPONDENCE SCHOOLS 

Box 979, Scranton, Pa. 


Please explain without further obligation on my part, how I can qualify for a higher 
salary and advancement tothe position before which I have marked X. 





Electrical Engineer Machine Designer Sanitary Engineer 


Elec.-Lighting Supt. Mechanical Draft. Architect 
Elec.-Railway Supt. Foreman Machinist Architectural Draft. 
Electrician Foreman Toolmaker Ad Writer 
Telephone Engineer Foreman Molder Window Dresser 
Civil Engineer Foreman Blacksmith Chemist 

Bridge Engineer Marine Engineer Sheet-Metal Draft. 
Mechanical Engineer Hydraulic Engineer Ornamental Design. 


Stationary Engineer 
Gas Engineer 
Refrigeration Eng. 
Traction Engineer 


Textile Designer 
Bookkeeping 
Stenographer 

Civil Service Exams. 


Municipal Engineer 
R. R. Construc. Eng. 
Surveyor 

Mining Engineer 





St. and No. —— 














Name - 








SSOSSSSSSSSSSSSSSSOSSCSOSSVOO? 


City State 
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Do You Believe In Signs? 


When you go into your power plant and find that the 
engineer has installed Williams Valves it’s a sure sign 
that your expenses are going to be reduced. Just wait 
until they have had a fair test and you'll see that this 
sign never fails. Why? Because 


Williams Regrinding Valves 


have greater lift of disc than any others, they are simply 
and cheaply reground and are stronger in construction. 
Severe usage doesn’t feaze them. CATALOG? 





The Williams Blue Book should be in the hands of every wide-awake power user. It’s 
worth having. It contains nearly 200 pages, with 500 handsome illustrations showing 
our complete line, and is full of valuable tables, data and useful engine room recipes. 
Just off the press. New, fresh and interesting. We want you to have a copy. A postal 
with your full address brings it in the next mail. Don't delay. Write today. 








The D. T. Williams Valve Company, 


CINCINNATI, OHIO, U. S. A. 


You Cannot be Interested 
in Power Plant Equipment 
Unless you are Interested in 


“P’ VALVES »«°‘ FITTINGS 


Because We Claim Them To Be The Finest Product of Their Kind. 











ALWAYS 








ALWAYS 
SPECIFY SPECIFY 
VALVES VALVES 
and and 
FITTINGS FITTINGS 





PITTSBURGH VALVE AND FITTINGS COMPANY, 
General Offices and Works, BARBERTON. OHIO. 
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Davis Valve Specialties 
Will Prove Their Value To You 


BEING SOLD STRICTLY ON THEIR MERITS, they must make 
good or be rejected. There is no chance of your being forced to pay 
for an inefficient device, for every Specialty that goes out of our factory 
is on approval. Then we leave you to judge by actual service test 
whether the GOOD VALUE reputation of DAVIS VALVES is true or 
false. Your interests are protected and we can only hope to secure your 
business by the unquestionable merit of our goods. 










Boiler Stop and Check Valve 


We make Pressure Reducing Valves, Exhaust Relief Valves, 
Boiler Stop and Check Valves, Back Pressure Valves, 
Float Valves, 


Steam Traps and other Power Plant Specialties, which are fully 
described in our New 1908 General Catalogue, just issued. Send 
for a copy now, and select the device you wish to have sent on 
approval for test in your plant, 






Jobbers Everywhere Sell Davis Valves 


G. M. Davis Regulator Company 


143 Milwaukee Avenue, CHICAGO 


NEW YORK—123 Liberty St. BOSTON—104 High St. ST. LOUIS— 
735 S. 4th St. SAN FRANCISCO--216 California St. PHILADEL- 
PHIA—56 N. 2nd St. PITTSBURGH—1206 Park Building. 










Horizontal Exhaust Relief Valve Noiseless Back Pressure Valve 

















Makes no difference what kind of a Valve 
you want, how you want it made or where 
you want it shipped, we can supply it on 
shortest possible notice. 





We manufacture valves and pipage equipment of every de- 
cription, for all kinds of plants, Steam Separators, Tuyere 
Cocks, Brass Unions, Etc. Also make Pipe Bends, and do 
all kinds of Pipe Fitting, etther assembled or ERECTED. 


SEND FOR CATALOG 


PITTSBURGH VALVE FOUNDRY 
& CONSTRUCTION CO. 


Pittsburgh Cleveland New York Boston Birmingham, Ala. 
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“JenKins Bros.” On Valves Is 
Like The Word “Sterling” On Silver 





JenKins Bros. Valves 


have become so well and favorably known by their long service of high 
efficiency in the world’s power plants that to-day their name is all 
the guarantee demanded by engineers. 

The extra heavy iron body globe and angle valves are made in 
sizes from 2 to 12 inches inclusive, either screwed or flanged, and 
with or without by-passes. They are all rigidly tested with 800 
pounds hydraulic pressure before leaving our plant, and are guar- 
anteed for a working steam pressure of 250 pounds. 

The material used in their construction is the finest known for 
the purpose, and the workmanship is expert. 

Jenkins Bros. Valves are the recognized standard. 


Ask for the Pocket Edition of our Catalog. 


JENKINS BROS. 


71 John St., New York 35 High St., Beston 135 N. 7th St., Philadelphia 
226-228 Lake St., Chicago 95 Queen Victoria St., London, E. C. 
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LOEW 
VICTOR 
MODEL 
1908 


MOTOR DRIVEN. 








Observe its substantial construction—its 
individual features. 


Figure out how much time and money 
you can save by installing this up-to-date 
pipe threading machine. 

You'll know then why our sales are daily 
increasing and why the Loew Victor is the 
most popular pipe machine on the market. 





Made in eight different sizes pr types. 
For the large or small pipe machine user. 








Loew Feed Water Heaters--Steam and Oil Separators 
{SEND FOR CATALOGS. 


THE LOEW MANUFACTURING CO., 
CLEVELAND, OHIO. 


Jeffrey Coal and Ash Handling Systems for Power Plants 


insure a saving of 50 per cent. to 75 per cent. 





Bunker filled with coal. 
Sendfor THE JEFFREY MFG. CO., 
Band C Columbus, Ohio, U; S. A. 











HICAGO BOSTON 
po efter re oy Bey Ba me NE SOURGH DENVER MONTREAL 
EMERGENCY 
WORK IN 


POWER PLANTS 
MUST BE DONE 
IN A HURRY. 


“TOLEDO” Pipe Threading Devices 


thread pipe up to 127. ONE MAN can do it quickly 
and in any place, in any position. An invaluable line 
of tools. Let us tell you about them. 
The Toledo Pipe Threading Machine Co., 
TOLEDO, OHIO. 











Hinged Pipe Vises 


Made in 4 Sizes 
Ranging from O to 6 inches 


Catalog on Request 





Manufactured by 





The Armstrong Mfg. Co. 


Bridgeport, Conn. 


TAD or 
This Mark 
Means the 
Genuine 


287 Knowlton, St. 





ECONOMIZE 


MAN POWER 
One man with our pipe 
threading and cutting 
machine can do more 
work, do it better, and at 
less expense than three 
or four men working in 
the old-fashioned way. 
It’s the man power 
that expands the cost. 


Circular? 


THE CURTIS & CURTIS co. 
85 Garden St., Bridgeport, Conn. 








SIMPLE, SELF-CONTAINED, EASILY AND 
ACCURATELY ADJUSTED 


The Mason Reducing Valve 


will maintain any pressure to which you set it regard- 
less of changes in the initial pressure. Catalog ? 


THE MASON REGULATOR CO., Boston, Mass. 





Warm Weather Fans 


B.f. STURTEVANT CO., Boston, Mass. 
General Office and Works—Hyde Park, Mass. 


NEW YORK PHILADELPHIA CHICAGO CINCINNATI LONDON 








er, 


PROTECTED FROM WEAR 


What? Why the seat of a Homestead Blow-Off Valve. 
We manufacture Straight-Way, Three-Way, Four-Way, 
Locomotive Blow-Off, Angle Styles, etc. Booklet describes. 


Homestead Valve Mfg. Co., 


Brass Founders. Pittsburg, Pa. 





A TRUTHFUL STEAM GAGE 


is about the best investment a power plant 
man -can make. The Ashton is the most re- 
liable and in the long run the least expensive. 


CATALOG “ P ?” 
THE ASHTON VALVE Co. 
Boston, U.S.A. 


8t. John’s House, London, Eng. 





NEW YORK CHICAGO 
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In The Great 
San Francisco Fire 


Hundreds of Morse @ Dexter 
Valve Reseating Machines 
were destroyed. A large number 
of these plants have been re- 
built and equipped with new 
valves, and they are ordering 
Morse & Dexter Machines to 
true up these new valves. 


A new valve is often untrue and 
will leak. It requires very little 
cutting to make a perfectly tight 
valve and the same valve can 
be recut again and again. 


Can you afford to get along 
without a machine that will do 
this work? Ask for Catalog P. 


The Leavitt Machine Co., 
Orange, Mass., U. S. A. 


GET ONE FREE 


Put it on your boiler and give it a good trial for 
amonth. If it gives you absolute satisfaction, 
keep it, and pay for it; otherwise, send it back 
at our expense. 


THE P. B. H. WEIGHT GAUGE COCKS 





There is but one renewable part; the special 
metal valve pencil, which lasts for years and can 
be replaced for a few cents, in a minute’s time. 
Thousands in use. Absolute satisfaction on 
high pressure. 


THE PAUL B. HUYETTE COMPANY, INC. 
2025 BETZ BUILDING, PHILADELPHIA 



































| 





Peerless No. 4 Improved Pipe 
Threading and Cutting Off Machine 


There must be some good reason for so many 
duplicate orders. You'll know the reason, 
if you are a user of our machines. They are 
built for rapid and economical production 
and will stand the racket for years. 


WRITE. 


BIGNALL & KEELER MFG. CO. 
‘\* “EDWARDSVILLE, ILL. 








When You Pick up a 


BEAVER 


It’s Ready for Use on Any Size 
Pipe—Without Changing Dies. 
One Man Cuts ANY Size 





No 6—Cuts % to &%” without changing dies or bushings. 


BEAVER DIE STOCKS ARE MADE IN ALL SIZES. 
Each size cuts the four sizes within its range without chang- 
ing dies, adjustable, and capable of cutting nipples and 
crooked threads. 


CONSIDER THE CONVENIENCE AND ECONOMY of 
Die Stocks which save the time of changing dies, no loose 
parts to get lost or misplaced—and one man can cut ANY 
size thread. 
SOLD ON 10 DAYS’ TRIAL BY ALL JOBBERS. 
WRITE US TODAY FOR PARTICULARS. 


The Borden Co., Warren, Ohio. 


DEPT. F. 
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STOP SAMPLES SPEAK LOUDER THAN WORDS 


risking your 
life on your 
water level, 
the 




















Reliance 
Safety Water 
Column 











: d the : - h f selling our 
will afford An re is no string to this method of s g « 


the protec- 


tion you STEPHENSON 


need, insure Bar Belt Dressing 
dry steam 


and reduce 
fuel bills. 
































’pD_OcT. 7.84. Ap'L.20.’86. MAY 3.87. APL. 21.91. 


nee 


Send us 2c. for testing Sample, and say which: 

















Red Label for Leather belts. 
Green Label for Rubber or Canvas. 
Catalog ? No one kind is good for all belts— 
you Know that. 


The Of Dealers Everywhere, or 
Reliance Gauge 


RELIANCE SAFETY WATER COLUMN. 











Kae PAT 













STEPHENSON MFG. CO. 
Column Co. Albany, N. Y. 
75 E. Prospect Street 
Cleveland, Ohio J. B. Stone & oT arate Vesanuens, London, 



































Stops The Worst Leaky Joint 
__ The Simplex Pipe Clamp GUARANTEED to ab- 
solutely and permanently stop the worst leak. The sav- 


ing of leakage alcne soon pays its cost. Easily applied 
while pipe is under full pressure. 














We'll send one for a 30 days’ free trial. If it doesn’t 
“make good,” returnit at our expense. That’sfair enough. 





Write. 


The Simplex Engineering Co., 


316 Preston Street, Philadelphia, Pa. 








Robins Laminated Leather Belting 
Eliminates The Glue Pot 


SOLVES THE BELT PROBLEM. 


The Scientific Principle: The Positive Result: 
Continuous strands are spirally cut from the A continuous belt without laps, plies or cement. 
choicest leath r locations «f the belting butt to Absolute uniformity of strength, gauge, balance 


exact mechanical gauge. The strands are then 
separately stretched to the extreme elastic limit 
and assembled on edge forming a belt of any 


and flexibil ty. Complete adjustment to varying 
pulley conditions with the maximum of surf:ce 


practical length, width or thickness. Made end- and circumferential contact. Remarkable power 
less on pulleys with a simple interlocking splice. transmission and highest productive efficiency, 
¥ = . Write for Circular No. 2 giving detailed description. 
\\ The RosinsLaminaten © & 
e DeATHER BELT. ROBINS NEW CONVEYOR COMPANY 
Ay /ace Lo A NEW YORK, FACTORY, CHICAGO, 





38 Wall Street. 168 Duane Street, N. Y. Old Colony Building. 
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PLIABLE »° TOUGH 


( 


will make any belt pliable and 
tough. 

It drives out the old sticky dope 
that never can do any good, and 
restores to leather the natural 
strength and vitality lost in tan- 


OO Manes THISBELT | 





WATER PROOF GEM BELT 


Not affected by water, steam, oil or gas. 

A demonstrated success. 

Small samples for test and full informa- 
tion to those interested by inquiring of 


JEWELL BELTING COMPANY 


Main Office and Belt Factory: 
HARTFORD, CONN. 


Branches: NEWYORK PHILADELPHIA CHICAGO 








If you want belts 
that can run slack 


POWER and yet develop 
BELTING the most power 
in severe service, 

or in changing 
BEARINGS temperature and 


humidity. 


_ If you want belts that will last nearly a life-time without 
sign of weakness, 


SHULTZ SABLE RAWHIDE BELTING 


will fulfill your requirements. 


























ning. Get a SHULTZ SABLE RAWHIDE BELT for 60 days 


Ox xX j or ae d free trial. 

y er 100d afl 
o1LO is a lea SHULTZ BELTING CO., St. Louis, Mo. 
preservative, not a drug. NEW YORK BOSTON PHILADELPHIA No. 37.4 





All it does is to keep leather soft 
and strong and tough, so that it 
clings closely to the pulleys. But 
that is the whole theory of correct 
belt practice. Belts should cling 
so closely to pulleys that air is ex- 
cluded from between the two sur- 
faces. The partial vacuum thus 
formed makes slipping almost im- 
possible and enables belts to do 
their full duty running slack. 


OXonOX is Nature’s remedy 
for slipping belts. 


FREE 


F. S. WaLton Co., Philadelphia, Pa. 


Gentlemen :—Kindly send me, free of charge, a Sam- 
ple Can of OXo1.OX, the perfect belt dressing. 





SAGINAW MANUFACTURING CO., q 
any le | 


GILBERT WOOD SPLIT PULLEYS. 


New York Pranch, 88 Warren Street. BY 
Chicago Bratcu, 32 South Canal Street. ‘ 
Sales Agencies in all principal cities. 

Cable Address, “Engrave” A.B.O. and Lieber’s Oode. 


























NOTE OUR PAGE AD. IN 
FIRST ISSUE OF EACH MONTH 


PHILADELPHIA 
‘ 12 N. THIRD Sr. ° 











MANGANESITE PASTE 


(TRADE MARK REGISTERED) 
A Superior NON-POISONOUS Jointing Material of Metallic Composi- 
tion; for FLANGEand SCREW-JOINTS of every description on Steam, 
Water, Air, Gas, Ammonia, etc. UNITES TWO METALS AS ONE. 
Cheaper, more efficient than red lead—no waste in its use. 


WALCH & WYETH, 87 Lake St., CHICAGO. 


Manufacturers of the Erwood Straightway Swing Gate Valve. Many 
valuable features in one valve. Write for Catalog. 











MN renee eee cick stdin els/alcintene WEAN oMn dal totals Sten ie Ine peas 


RRA REINA 6.53 ih. ciack acc aie ered oid 0k nA Ri eA RAR RRO RRRISE 








NII CS hrc atiusek. Jasna gen ew in Sauna pabeMamheeeaaaeaeen! akan 


LEE PECTORAL ED 


“SIROCCO” BLOWERS 


TRADE MARE 


Save Power, Space, Weight 
Send jor Bulletin describing the original turbine blower. 
SIROGCO ENGINEERING CO., 138 Cedar Street, New York, 


DGOTRES TIED 6 o.c.c.cis cscs cccceececcoceccececccccosesionsc ceeses .ccscscecce 


F.S. WALTON CO., PHILADELPHIA, PA. 


PRESSERS AND REFINERS OF ALL GRADES OF NEATSFOOT OIL 
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| MSLEOD &HENRY CO. 


TROY.N.Y.U.S.A. 
™ BRANCH OFFICE. |I40e BROADWAY. NEW YORK CITY. 
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The Coal That is Wasted by the Old Stoking Method 


would, in a year, pay for a Wilkinson Automatic Stoker and Smoke Preventer which 
would sav’ 15% of your fuel, decrease stoking costs and cut out many repair bills. Write. 


THE WILKINSON MFG. COMPANY, Bridgeport, Montgomery Co., Pa. 








ANY TYPE OF BOILER 


The Murphy Automatic Smokeless Furnace PREVENT SMOKE. 


Write to us for descriptive matter relating to a device that is 
mechanically correct, simple in construction, absolutely automatic, 
and its effectiveness in preventing smoke from Bituminous coal 
under any and all conditions has been fully demonstrated. 


burns slack and other low cost fuels with unexcelled economy and 
absolute smokelessness. Strictly automatic in feeding and distribu- 
tion of coaland the removal of the ash. Send for a complete de- 
scription. 


MURPHY IRON WORKS, 5 Walker St., DETROIT, MICH. CLIMAX SMOKE PREVENTER COMPANY — 
UNITS OF ANY SIZE 205 Equitable Building, Boston, Mass, 














NEEMES BROS. 


IMPROVED 


Clinker Cutting, Shaking 
and Dumping Grate 


EEE SRE Orme cae | | we unlike all other grates will cut from both 
| parent | : sides of the shaker alike. Makes more steam 

with cheaper fuel and less of it. Aslight 

agitation shakes out the ashes or a full open- 
ing dumps everything into the ashpit. Write. 


NEEMES BROS., 
41-49 Adams St., TROY, NEW YORK 


0. W. VAN BLARCOM, Room 533, Terminal Bldg , 30 Church 8t., 
Agent for New York City and vicinity BAB OCK & WIL''OX, Ltd., 
Montreal, Canada, Sole makers for Canada BURKE ENGINEERING 
CO., 311 Industrial Bldg., Providence, R. L., Sole Agents for the New 
England States. 














HEAT PROOF || MARTIN GRATES 


Martin Anti-Friction Rocking Grates will burn slack 
— coal and get the same steam results as ordinary 
grates do with best lump coal. Catalog tells why. 


MARTIN GRATE COMPANY, 281 Dearborn Street, CHICAGO, 











The heat resistance of our 
fire brick is wonderful. 
We fit every type of boiler 











setting. 


Write for catalog and prices. 


GREEN TRAVELING CHAIN GRATES) 


| AUTOMATIC SE eee NG CU OKELESS 


GREEN ENGINEERING CO. 


- COMMERCIAL NATIONAL BANK BLDG., CHICAGO: 
ALLIS-CRALMERS CO CHICAGO. ILL.. EXCLUSIVE AGENTS FOR ALL FOREIGN COUNTRIES EXCEPT CANADA AND MEXICO 


-Presbrey 
Fire Brick Works, 
Taunton, Mass. 


























GENERAL FOUNDY WORK A SPECIALTY 












These samples from a well-known New England plant show how a 


BLACKBURN-SMITH FEED-WATER 
FILTER AND GREASE EXTRACTOR 


turns dirty water or condensed exhaust into good boiler feed. 

The first sample contains traces of oil, rust, and other dirt from 
the heating system. The second, which is as clear as crystal, was 
taken after running the feed through our 2-in. filter at boiler pres- 
sure of 100 Ibs. and temperature of 225° F. 

It pays to save and filter the condensation. You don’t have to 
buy as much water, you keep scale-forming matter out and you re- 
duce repair and coal bills by putting into the boiler pure hot water 
which would otherwise go to waste. Write for treatise, “Feed Water 
Filtration.” 

JAMES BEGGS @ CO., 106 Liberty St:, New YorK 


16 
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The “Philadelphia” 
Grease Cup 


Automatic application of 
grease to the bearing 
without the use of spring 
compression. : : : : 


Nature Supplies the 
Feeding Force in the 
Form of Compressed 
a oe oe ee 





With many thousands of the “Philadelphia” Grease 
Cups in successful operation, on machinery of almost every 
description, we offer a system of lubrication which, for sim- 
plicity, cleanliness, economy, reliability and efficiency has 
no equal. 4 

The “ Philadelphia Cup is not merely “as good as any 
other: IT IS THE BEST, and we are prepared to prove 
our claim for actual superiority. There are more reasons for 
its practical success than we have room to mention here. 


Write for catalogue and full information 


The Philadelphia 


Lubricator & Manufacturing Co. 
The Bourse (£xnibition Dept., Philadelphia, Pa. 


COLD WEATHER 





Cold Weather Will Not Affect The 


LATEST IMPROVED 


ROCHESTER 


AUTOMATIC LUBRICATOR 


Because from the lubricator to the cylinder there is a con- 
tinuous column of oil with a positive pump at the lubricator 
end. When the pump works the oil has to move whether it 
is thick or thin. 


. Don’t put off ordering till your present lubricator 
fails you. 


GREENE, TWEED & CO. 


109 Duane Street, New York 








ZK, There Can be no Failure 


with a 
i Genuine ‘‘DETROIT’’ 
Lubricator 














Don’t Play Second Fiddle 


When a little advertising will put you in first 
place and much will make you leader of the band. 
Even this small space will keep you in the index and 
within reach of Power and The Engineer’s mighty 
host of live readers. 


POWER AND THE ENGINEER, 505 Pearl Street, New York City 








Foster Superheaters 


Prevent condensation in long steam pipes. 


POWER SPECIALTY CO., 
111 BROADWAY, NEW YORK. 











Over 7500 Hammel Oil Burners 


In use under Stationary Boilers, 
Locomotives, Kitns, Etc. 


fite for Circular of Hammel Patent Furnace for Water-Tube Boilers 


HAMMEL OIL BURNER CO. 


9 North Main. Street, LOS ANGELES, CAL, 


















[5 Ibe. oie 39 | ie 
>< DIXON'S i! 
Flake Graphite | /f 





A, JOSEPH DIXON CRUCIBLE CO 1/7: 
JERSEY CITY,US.A y 

















Keeps Bearings Cool. 


If you have some bearing that gives you more or less 
trouble, or are experiencing any difficulties in lubri- 
cating anything, you should try 


Dixon’s Flake Graphite. 


While this remedy is almost infallible, it is the best 
practise to use a little of Dixon’s Flake Graphite 
regularly and then friction troubles will never get a 
start. 


Write for free sample 94-C 


JOSEPH DIXON CRUCIBLE CO. 


a JERSEY CITY, N. J. J 
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THERE IS ONLY ONE 


ALBANY 











SUBSTITUTE 


Nothing THE ONLY 


Worse aK ee 





I Can Send for FREE sample cup and can of “Albany 
Grease,” giving size of tap for cup, depth of oil 


. hole from top of cap to journal, where to be used 
Imagine and firm’s name, : 














ADE ONLY BY 


ADAM COOK'S SONS, 
313 WEST ST., NEW YORK. 











Engine Oiling In The Modern Power Plant 


Down in what most people regard as the wildest 
part of south central West Virginia, in the territory 
from which some of our finest smokeless fuels are 
secured, is the McKell Coal & Coke Co., Glen Jean, 
W. Va., Operating collieries scattered at convenient 
points over a tract of several thousand acres. Elec- 
tric power for operating these numerous scattered 
mines is supplied by an alternating current system 
of distribution from a central power piant. High- 
tension alternating current is transmitted from the 
central station to scattered substations, where it is 
transformed and converted into low-tension contin- 
uous current for use at the adjacent mines. 

The illustration shows the first 500-k.w. alter- 
nating current generating unit in the power house, 
which provides space for installation of a duplicate 
unit. At the left may be seen the Duplex Type White Star Oil Filter and circulating pump of the White Star Con- 
tinuous Oiling System here in use for Iubricating all the engine bearings. Overhead, out of sight among the roof trusses, 
is a reservoir from which the oil is piped to feeds fitted to all the bearings on the engine. All oily drips from the 
various bearings are drained to a tank beneath the engine room floor, from which they are lifted automatically to 
the White Star filter on the engine room floor. After being thoroughly cleaned in the filter, the oil is pumped back 
to the overhead reservoir, ready for use again. Thus there is a constant stream of oil fed to all bearings, amounting 
in this case to a circulation of about 200 gallons per day. The reservoir is so arranged that any excess pumped to 
it would be returned through automatic valves to the filter. 

By use of the White Star continuous oiling system the bearings are all supplied with a copious flood of oil, 
affording that generous supply which is known to be necessary to perfect lubrication, yet absolutely without waste, 
since not a drop of oil can escape from the system, except as it is actually worn out in the bearings. 

We are prepared to equip power plants of any size contracting to furnish the necessary apparatus or erecting such 
outfits complete. Our catalog “D” treats fully on this subject. Send for it. 


Pittsburgh Gage @ Supply Co., Pittsburgh, Pa. 
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“TRIMO” 


(TRADE MARH) 


We want every user of Pipe Wrenches to give the “TRIMO” a trial. We know they will be 
so well satisfied that they will then use no other. Superior in strength, working qualities, 
and ability to stand up under hard service. Guaranteed. Send for our Catalog No. 21. 


TRIMONT MANUFACTURING COMPANY, 55-71 Amory Street, Roxbury, Mass. 
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* * as we may seem on question of Chain Pipe Wrenches, 

As insistent we believe the course O. K. Every job has its kinks 
and irregular, close or cramped fittings, too cramped 

LP for other tools with two jaws. Agrippas have one jaw, 

all the strength and “get there’ on any kind of work. 
Agrippas are practically two tools in one because of 
utility. Discount and free trial from your dealer. 


66 r_e@ 99 
™ Agrippas rH H. WILLIAMS & CO., SUPERIOR DROP FORGINGS, 


BROOKLYN AND CHICAGO. 























The @  Swartwout” 
























your Gravity-Closing 
ict] Weather-Proof 
Hoisting is Non-Binding 
In Yale & Towne Chain Blocks Non-Rattling 





are embodied the final development in lifting 
mechanism and the highest integrity in Chain Block 
construction. They lead in efficiency, speed, dura- 
bility, reliability and universal adaptation to every 


* 
Triplex Blocks—'; to 40 tons. Universally recognized as the most L 


durable and efficient Chain Biock made. Have balanced train 
of spur Gearing with large internal gear. 


Easily Operated 





The weight of the adjustable cone 
keeps the ventilator closed, unless 


Duplex Blocks—‘s to 10 tons. The handiest and sifest Screw Blocks 
made. Have safety guides to prevent slipping of load chains. 
Bronze Worm wheels and steel worms with hardened and 


ground thrust bearings running in oil. intentionally open by a pull of the 
Differential Blocks—'‘g to 3 tons Not as durable or easy lifting as chain. The degree of ventilation is 
the Triplex or Duplex. but safe and twice as durable as the 


cheaper kind of the Weston Differential Biock, because of exactly regulated. 
superior Chain and Sheaves. . - 


Y. & T. Blocks, duplicate parts and trolleys are 
carried in stock by Hardware, Machinery and TH a OH i Oo BL WER 
Mill Supply Dealers. Write for catalog. oe 


SOLE MANUFACTURERS 
The Yale & Towne Mfg. Co., CLEVELAND, OHIO. 


9 Murray Street, New York. 1-43 
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OF WHAT USE ARE ]}| " % Ro * 
BAFFLE PLATES 


force and lets only the pure dry article pass to 
the engine. 
The STRATTON always does the work when 
others fail. 


Goubert Manufacturing Co., 








the steam to pass— 
Plenty of surface to 
in a separator anyway? catch condensation in 
They don’t arrest the water 
when it comes in a rush ex- 
cept to break it into fine 
particles that are the more The 
easily carried off with the 
steam 


The Gardner Horizontal 






Separator. 


Gardner Governor 
@ Separator Co., 


Therefore the Quincy, Illinois. 


HOM para 











STRATTON 





SEPARATOR 


has none of them 


BAUM 
SEPARATORS 


ARE BEST for Live 

and Exhaust Steam. 

Positively Guaranteed. 
“I take pleasure in stating that this 


department has used the Baum Separators 
for a considerable time, and has found 


It throws the water out of 
the steam by centrifugal 





THE ; 
them to be all you claim for them and are 
QR SEPARA, satisfactory in every respect.” —The 
Superintendent of Public Buildings, 


Albany, N.Y. 
Send for new Catalogue and prices, 


Hershey Machine @ Foundry Co. 


85 Water Street ey an 
Boston, Mass, U.S 


No. 90 West Street, 
NEW YORK CITY, N. Y. 


W. G. Ruggles Co, 54 High St., alachel Mass. 
R. D. Bliss, 40 Dearborn St., Chicago, Ill, 




















§ HE largest contract ever awarded for steam pipe 
arey S and boiler coverings specified Carey’s. This 


8 


lean and anti 
Carbonate : yao S ce absolutely fire-proof, and be- 
Magnesia through radiation, thus saving in fuel an amount suf- 
e ’ : 
Coverings _ Send for Carey’s Magnesia Catalogue. It gives 


New York : 114-118 Liberty Street. Toronto, Canada: 112 Bay Street, East. Atlanta, Ga : 34 West Alabama Street. 
8t. Louis: 908 North 2nd Street. Cleveland, Ohio : 123 Water Street. Charlotte, N. C.: East 7th and R. R. Streets. 
Baltimore, Md. : 332-334 North Street. Buffalo, N. Y.: 45 Pearl Street. New Orleans, La. : 222 Chartres Street. 


Philadelphia, Pa.: 12th and Buttonwood Sts. Pittsburg, Pa. : 333-335 Second Avenue. 


was the result of an exhaustive test conducted by the 
Manhattan Railway Company of New York, which 
proved Carey’s Coverings to be more efficient and far 
superior in every way to any other of the numerous 
makes. No other coverings proved to be as light, 


per 
cent 


ing thorough non-conductors of heat they confine the 
heat to the pipes, effectually preventing its loss 


ficient to more than offset the cost of their application. 
The most prominent steam users everywhere use 
Carey’s Covering. Do you want to know why? 


information not obtainable elsewhere. 


THE PHILIP CAREY COMPANY 


General Offices: Station R, Cincinnati, O. 
FACTORIES: LocKland, Ohio; Plymouth Meeting, Pa. 
Branches and Warerooms: 
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Yes, We Do A Trap for Profits 


send out GEIPEL STEAM TRAPS on approval. The Anderson Improved 
Shall we send you one? Steam Trap can easily be 
turned inside out 
if it ever becomes 
necessary to get: 
at the working 
parts. Ask about it. 















Circulars on request. 





THE V. D. ANDERSON CO., 
— sg a. teat eae oa 1935 West 96th Street CLEVELAND, OBIO. 














Send for 
Catalog. 








CURTIS SPECIALTIES encineers 


Improved Pump Regulator Cellar Drainer 

Water Pressure Regulator Temperature Regulator 
Expansion Trap Tank Governor and Pump 
Balanced Steam Trap Damper Regulator 
Return Steam Trap U. S. Ball Cock 

Relief Valve for Steam and Water 


===> JULIAN D'ESTE CO., 245209, 5% 








You Can See It Work 


The MOREHEAD NON-RETURN STEAM TRAP contains no troublesome valves, floats or 
buckets inside. All working parts are placed outside, and you can see it work. When ready to 
discharge, the force of gravity causes the trap to tilt. It is absolutely reliable. Write for 
descriptive catalog. 


MOREHEAD MANUFACTURING CO., 1051 Grand River Ave., Detroit, Mich. 











STAND THE PHOSPHOR BRONZE SMELTING . “ 


| 2200 WASHINGTON AVENUE. PHILADELPHIA, PA 
Bee & ELEPHANT BRAND © “ayphor. Leon; 
 ° si ? 





9 in. to 13 In. Swing. 


No. 4% Lathe, 9in. x 25in., List $ 75.00 
No.5 Lathe, ll in. x 34in., List 10000 


Our 13 in. lathes made 5 to 10 feet long. Send for lathe catalog. 


INGOTS, CASTINGS, WIRE, RODS, SHEETS, Etc. 
ae ee ae 
CASTINGS, STAMPINGS ano FORGINGS 


“LAER aCe ST in W. F. & JOHN BARNES C0., 990 Ruby Street, Rockford, I 














DON’T A Fat Pay —— 


goes to the man who 


knows, and this re- 
out sending for catalog describing cording meter fur- 


buy a steam or oil separator with- 


nishes the requisite 


SWEE Y Ss information. A con- 


tinuous, permanent 
















and then read and think about it record, which may be 

and you'll order one: 6000 in use; read at any minute St. John 
" or be filed away for srs 

deliver steam 99.8 dry; takes out Indicating 

1 the ofl. that i ps future reference. 4 

all the oil, that is 99%. WRITE. an 

Recording 

DIRECT SEPARATOR COMPANY G. C. ST. JOHN, Steam 

712 South Geddes Street SYRACUSE, N. Y. 140 Cedar St., New York. Meter 
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Steam Traps 


GET 


Our Catalog ‘‘A’’ 


read what we 
have to say 
about steam 
traps. 


See where 
the valve is ? 


Is not that 
a good idea ? 





Shall we 
send 
ak | 99 2 











THE STRONG, CARLISLE & HAMMOND CO., 
342 Frankfort Ave., 


CLEVELAND, 2 baad OHIO. 


261 CENTRE ST., 88 BROAD ST., 64 NO. 6TH ST., 
NEW YORK. BOSTON. PHILADELPHIA. 





McDANIEL 
STEAM 
TRAPS 


are especially adapted for draining 
steam separators and high pressure 
mains. Also goodfor steam heating. All working parts are 
attached to the bonnet, and are removable with it. Valve 
outlets are large, to give rapid discharges of condensation. 


Watson Steam 
Pump Governor 


should be used on all steam pumps where 
a fixed discharge pressure is desired. 

The construction permits of easy access 
to the stuffing box for removing packing, 
and the spring can be adjusted or entirely 
removed without interfering with any 
other part of the valve. Any practical 
man will readily see its advantages. 

All our goods are made in our own 
factory and tested before shipping. We 
guarantee them to give perfect satisfac- 
tion, Established 1878. 


Send for Catalogue. 


Watson @ McDaniel Co., 


148 North 7th Street, Philadelphia, Pa. 











Nason [lanufacturing Company’s 


STEAM TRAPS 








SPECIFY : 


Halve the 


AND 


Trouble 

















Class B for pressures THE TRAP 
less than 20 lbs. PSs THAT ALWAYS 
Class C for pressures 
20 to 70 lbs. ‘“‘FILLS THE 
‘Sidelue” for pres- BILL’? 


DOUBLE THE PROFIT 





sures 40 to 150 Ibs. 











Nason Manufacturing Company’s 


“Immersed Valve’? Boiler Feeder 
FOR LOW PRESSURE STEAM BOILERS 


As a safeguard against the destruction of boilers through careless 
handling they are a necessary adjunct. Special Catalog. 





NASON MANUFACTURING COMPANY 


71 FULTON STREET, NEW YORK 








Kitts Specialties 


Steam Traps Pump Governors 
Reducing Valves Fan Engine Regulators 
Safety Water Columns Damper Regulators 
Low Water Alarms Safety Feed Water 
Low Pressure Boiler Feeders Regulators 
Vacuum Pressure Reducing Valves 





Write For Catalog 





Kitts Manufacturing Co. 
OSWEGO, N. Y. 
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PEERLESS PISTON AND 
VALVE ROD 





& ba ae a 





Will hold In sizes from 
FO U R One-eighth 
HUNDRED Style 1 Style 2 Ineh to 
POUNDS 
of Steam 





Twoand One- 
Half Inches 





Style 3 Style 4 


YOU CAN GET FROM 12 TO 18 MONTHS’ PERFECT 
SERVICE FROM PEERLESS PACKING 


For high or low pressure steam the Peerless is 


HEAD and SHOULDERS above all other packings. 





Manufactured Exclusively by 


- wr 
. -» & R 


PEERLESS RUBBER MANL 
16 WARREN STREET AND 88 CHAMBERS STREET, NEW YORK 


om 


Tr," 
. 
| 
} 


- 


Detroit, Mich.—16-24 Woodward Avenue. Seattle, Wash.— Railroad Way & Occidental Ave. Boston, Mass.—110 Federal Street. 

Chicago, Ill.—202-210 South Water Street. Louisville, Ky. 111-121 West Main Street. Buffalo, N. Y.— 379-383 Washington Street. 

Pittsburg, Pa. —425-427 First Avenue. ; Indianapolis, Ind.—16-18 South Capitol Avenue. Milwaukee, Wis.— 96-100 Second Street. 

_— —— Kansas Street. Omaha, Neb.—1218 Farnam Street. Syracuse, N. Y.—212-214 South Clinten Street. 
wi | Seg cone and Tchoupitoulas Streets. Denver, Col.—1723-1731 Blake Street. Los Angeles, Cal.—115 South Los Angeles Street. 

Atlanta, Ga.—7-9 South Broad Street. Richmond, Va.—C or. Ninth and Carey Streets. Portland, Ore.—14-16 First Street. 

Kansas City, Mo.—1221-1223 Union Avenue. Waco, Texas.—709-711 Austin Avenue. Baltimore, Md.—37 Hopkins Place. 

FOREIGN DEPOTS 
London, E. C., England.—58 Holborn Viaduct. Sydney, Australia.—270 George Street. Copenhagen, Den.—F rederiksholms Kanal 6. 


Paris, France.—76 Ave. De La Republique. Johannesburg, South Africa.—2427 Mercantile Bldg. Vancouver, B. C.--Carral & Alexander Streets. 

















THE VERDICT OF 
NATIONS | 
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.,, 1OCH LeBe | OW 
RAINBOW PACKING” | 






MANUFACTURED: 


THE PEERLESS RUBBEf 
IG WARREN ST. A | 















THE HIGHEST TRIBUTE | 
HAS BEEN PAID TO THE 
INCOMPARABLE QUALITIES OF 









BY THE WHOLE ENGINEERING 
WORLD 


me “ HOOT MON: : 
my WWE USE RAINBOW 
' IN ALL THE STEEL 


, ad 


gy JOVE' — 
THAT BLOOMING 
WE Mt —— a RAINBOW ee ' 
PE. JOLLY WELL ; % 
AFRAIDOI £ : ; oy eaaatest THING THAT ME RATHER 
BLOWN é Ue HAPPENED fl USA DA RAINBOW 
USING § -d tv PACKING THAN 
: >: EATA DA SPAGETTI 
- - — MACARONI 





eNoF 


a7 Y foie _ a 
a ILE Sy on y 


ED} SOLELY B 


El MANUFACTURING CO. 


\N}. 88 CHAMBERS ST. 
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THE ECLIPSE SECTIONAL 
RAINBOW GASKET 













NOV.5, 1391 
‘4 





The original and only genuine Sectional Gasket—manufactured 
from the celebrated Rainbow Packing Compound. Beware of 
cheap tubings and worthless imitations. Be sure the name 
Eclipse is embedded in the gasket at intervals of six inches. 


SUCCESS SEMI-METALLIC DIAGONAL EXPANSION 
SPIRAL PACKING RAINBOW CORE 


oVCCESs mn 


o 


e 






SECTION OF 
ONIYVIOVd 





Patented Oct. 31, 1899 


OCT. 31-99 





The ‘‘Success’’ is the ‘‘ Best?” Combination Packing yet devised, both as regards principle of 
Construction and Material used, for Steam (low or high pressure ), for Water (hot or cold), 
and for Ammonia Machines. The Spiral form is the correct shape of all Modern Constructed 
Packing, and readily and quickly conforms to the ring shape so greatly desired. The Soft 
Metal used is a Wear Resister; it is an Automatic Expander under heat conditions; it will 
not scratch or cut the rod under any conditions. 





Manufactured, Patented and Copyrighted Exclusively by 


PEERLESS RUBBER MANUFACTURING CO. 
16 WARREN STREET AND 88 CHAMBERS STREET, NEW YORK 


Detroit, Mich.—16-24 Woodward Avenue. 
Chicago, IIl.—202-210 South Water Street. 
Pittsburg, Pa.—425-427 First Avenue. 


| 


pome 


Seattle, Wash.— Railroad Way & Occidental Ave. 
Louisville, Ky. 111-121 West Main Street. 
Indianapolis, Ind.—16-18 South Capitol Avenue. 


Boston, Mass.--110 Federal Street. 
Buffalo, N. Y.—379-383 Washington Street. 
Milwaukee, Wis. 


96100 Second Street. 








San Francisco, Cal.—131-153 Kansas Street. 
New Orleans, La.— 

Cor. Common and Tchoupitoulas Streets. 
Atlanta, Ga.—7-9 South Broad Street. 
Kansas City, Mo.—1221-1223 Union Avenue. 


London, E. C., England.—58 Holborn Viaduct. 
Paris, France.—76 Ave. De La Republique. 


Johannesburg, South Africa. 


Omaha, Neb.—1218 Farnam Street. 

Denver, Col.—1723-1731 Blake Street. 
Richmond, Va.—Cor. Ninth and Carey Streets. 
Waco, Texas.—709-711 Austin Avenue. 


FOREIGN DEPOTS 


Sydney, Australia.—270 George Street. 


-2427 Mercantile Bldg. 


Syracuse, N. Y.—212-214 South Clinton Street. 
Los Angeles, Cal.—115 South Los Angeles Street. 
Portland, Ore.—14-16 First Street. 

Baltimore, Md.—37 


Hopkins Place 


Copenhagen, Den.—Frederiksholms Kanal 6. 
Vancouver, B. C.—Carral & Alexander Streets. 
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Why Take 








Chances When Buying Gaskets? 


You know what it means to you every time a gasket goes 
wrong. Then why use gaskets that you cannot depend on? You 
can easily satisfy yourself as to which gaskets can be depended on 
if you consider their construction and the materials of which they 


are made. 








which is a mineral —cannot be injured by heat 








or chemicals. Doesn’t it stand to reason, 
therefore, that gaskets made of asbestos will stand the extreme 
heat, to which they are subjected in modern steam engineering, 
better than rubber or organic gaskets? 


KEARSARGE JOINTLESS GASKETS are made of Pure AspgsTos. 
They will not show any deterioration even if held in front’ of a 
blow torch. 





You know that gaskets made of flimsy 
materials will almost invariably blow out. 





pressure of 250 Ibs. 











If gaskets have a taped joint, it is plain 
that they cannot be as strong as gaskets made all in one piece. 
KEARSARGE JOINTLESS GASKETS are made of one endless piece of 
asbestos cloth. They have no joints to pull apart or blow out. 


Now don’t think that because KEARSARGE JOINTLESS GASKETS 
are so much better than others that they are high priced, for they 
are the cheapest in first cost and the cheapest in the end. 
Being 25-per cent. lighter in weight than or- 

























dinary asbestos gaskets, you get more per 








gaskets. 


stood the test of over half a century? 








H. W. Johns-Manville Go. 






New York St. Louis Baltimore Los Angeles Milwaukee 
Pittsburg New Orleans Seattle Chicago Cleveland 
Kansas City Dallas Boston Buffalo Minneapolis 


Toronto Philadelphia Detroit San Francisco London 
844 





You know, for instance, that rubber and organic materials will 
burn, char and harden under heat. And you know that Asbestos— 
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Kearsage Jointless Gaskets 


have fine brass wires twisted in each strand of the asbestos cloth, 
which gives them exceptional strength. They will stand a steam 














Write today for Kearsarge Booklet and Further Particulars. 


ound, and one KEarSARGE will last as long as six ordinar 
p g 


Do you wonder that KeraRSARGE JoINTLESS GasKETS have 





Manufacturers of Asbestos and Magnesia Products, Asbestos Roofings, Packings, Electrical Supplies, Etc. 
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VALVE ROD PACKING 
~1SAN ENLIGHTENMENT TO THE 
ENGINEERING WORLD 


BY USING a \ ) 


COBB'S PACKING, | 


ENGINEERS ENJOY 


; FREEDOM FROM WORRY 


OWING TOTHE SUPERIOR (a) eR 
‘CONSTRUCTION OF SAME WA 
ANDTHE EXCELLENT QUALITY = W/,/// ie 
_OF THE MATERIALS 5 EMPLOYED. MW) WES 


ephs 


z 2 ¥ : 
43 & 








MANUFACTURED EXCLUSIVELY BY THE |) =» “ae 


NEW YORK |< \f| _ 
BELTING / 


AND 


PACKING CO..1p. 





91-93 CHAMBERS STREET. | | 
NEW YORK. i) A 
BRANCH STORES fi eo Ve 


CHICAGO, ISO LAKE ST. ST. LOUIS, 218-220 CHESTNUT ST]. \ 


PHILADELPHIA, |I8-120 N.8 TH ST. BOSTON,232 SUMMER’ST. ag aoe Pn 
SAN FRANCISCO, ( OAKLAND) EAST I] THST.& 3RD AVE. es se fe Sh em 
INDIANAPOLIS.229 S.MERIDIAN ST. BALTIMORE, 14 W. BALTIMORE ST. Tal. | 1) i hae 
BUFFALO, 600 PRUDENTIAL BUILDING 20d RES bal Be om ES 
PITTSBURGH,913-915 LIBERTY AVE. ; sateen 
SPOKANE,WASH.163 S. LINCOLN ST. =e aie rN 
































LONDON. E.C.,ENGLAND,58 HOLBORN VIADUCT : | eg a 
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BELMONT 


“1903” 
EXPANSION 
PACKING 


For Steam and Ammonia 


Pat. Feb. 24, 1903. 


See the sliding wedge ? 


When you place a ring in the stuffing box pull the ends. 


of one wedge ahead of the casing ends, and push the other 
one back, then when the ring is closed and ready for ser- 
vice the joint is divided into three breaks, occurring at 
different points on the circumference. This feature en- 
ables one ring of Belmont 1903 Expansion Packing to 
stop steam as effectively as three rings of ordinary pack- 
ing, and makes it especially valuable for shallow stuffing 
boxes. Material throughout is the best obtainable, and 
Belmont 1903 Expansion Packing (fully described in 
booklet A) is guaranteed for any service withsteam or am- 
monia up to 125 lbs. pressure. Above this pressure our 
“high pressure” packing (write for booklet B) is to be 
preferred. General Catalog on Request. 


FREE ! 


Send for a sample ring and be convinced. 





CLEMENT RESTEIN CO., 


Philadelphia, Pa. 
Gentlemen :— 


Send me asample ring of Belmont 1903 Expansion 
Packing : 


PG GANAS SAA cea StORRA_ER RK Sobae Aohascndbtewestts onkes 
MR iiiandicincacecnccs cboahaws twat tuteans Siemenaese¥s 
Wires Mai0Or.6....5..... <6. 5c0ses 
: Number of Engines : 
ilo ci ss nicinnccestbsneaadcas eeeneaads 
Dinas: 65.50 Seek eaaenseevacies camanns 
: High or Low Pressure 


| DRG OU BE WG aioe ce siiccicceesccsnssacsscessace 
: Power, 7-7 08, 


CLEMENT RESTEIN COMPANY 








153 North Second St. PHILADELPHIA, PA. 















There are Other 
Eureka Packings 


Besides the well-known GUM CORE we 
are also manufacturing large quantities 
of Eureka Cut Ring, High Pressure, 
Water Proof and Red Sheet. 


ASK YOUR DEALER FOR GENUINE EUREKA 


awe 


“EUREKA’ 


TRADE MARK. 












Cut Rings 
and in Spiral Form 
is the same in quality as our famous 
Eureka Gum Core. Guaranteed 
equal to any ring packing on the 
market. 











High Pressure 


in Coils and Rings 
Finest material, treated by our pro- 
cess, makes this packing practically 
indestructible. 


~~, 


Water Proof 


in Coils and Rings 
Made of pure long line flax spe- 
cially treated to make it most effi- 
cient for all hydraulic uses. 


Red Sheet 


Sold under an absolute quality 
guarantee. None better can be 


made. f 











Our Prices and Delivery 
will interest you. Write 
for them. 


Eureka Packing Co. 


Jas. L. Robertson, Pres. 
46 Warren Street, 





New York 
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Even 
Uneven 


Surfaces 






AVaVa" a ——4 VW 


can be packed securely with 


Goetze's Elastic Copper 
Gaskets 


A pipe joint packing for High 
Pressure Steam, Air Pressure and 
Superheat. 


We'll send you the necessary sample—FREE. 


AMERICAN GOETZE GASKET & 
PACKING COMPANY, 
525 Eaet 149th Street, New York, N. Y. 
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If Uncle 8am should have to fight 
The tricky little Jap, 

He'll surely wipe those Islanders 
Completely off the map. 

He’s got the shipe, the cash, the men, 
He’s got Black Squadron too; 

So, over there, they’d best bewa’e, 
The old Red, White, and Blue. 





SQUADRON 


(THE ORIGINAL SLIDING WEDGE PACKING) 


Gives greatest rod pressure, with least friction. 
Cannot carbonize and score the rod. Remains 
Will not ‘melt 
Outwears all others. 


pliable under all conditions. 
away”’ in the stuffing box. 


Booklet on Request. 


CANCOS MANUFACTURING CO., 
Philadelphia, Pa. 


10 Oliver St., Boston, Mass. 525 Third Ave., Pittsburg, Pa. 805 Plowman 8t., Baltimore, Md. 























it must work right. 


Honesty Makes The Best Quality 


If you have any joints that are hard to keep tight, give 
They can 
be relied upon to give 
perfect service longer 
than any others on the 


Ask for our 
valuable Catalog. 


THE HENRY JOHNSON COMPANY 


JERSEY CITY, NEW JERSEY 


Johnson Packings a trial. 


market. 





JOHNSON’S PACKINGS 


are made by packing experts, from the 
very finest materials known for the 
purpose. 
ployed—the right material is put together in the right way and 


No secret process is em- 
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Red Breast Packing 


A Standard Red Sheet Packing—wWill not crack or 
harden under any degree of heat; absolutely i impervious to 
the influence of alkalies, oils and ammonia; positively 
won't contract or expand; and will withstand the highest 
pressure. 


Write for Free Sample 


This packing is better than others—far better—and, better 
still, is lower priced. We will gladly send samples Free 





“RED BREAST” upon request. 
MERCER RUBBER CO., Hamilton Square, New Jersey 
BRANCH OFFICES—Philadelphia, New York, Pittsburg, Ilenver, 610 Exchange Bldg., and Chicago, 40 Dearborn St 

















VIBRATING STUFFING BOX #6 3 A e Ec T Y a5 


G: a 
et aE PLASTIC 


Metallic Packing 


FOR STEAM, WATER, AIR, GAS, 
HYDRAULIC MACHINES, VALVES, ETC. 


Guaranteed to stand Steam Temperature up to 550 degrees F. 
and Hydraulic Pressure to 5,000 Ibs. per square inch. 





Send for 


HIGHEST AWARD WORLD'S FAIR, ST. LOUIS. Free Sample and Particelars 
Manufactured Solely by STEEL MILL PACKING COMPANY, Detroit, Mich., U. S. A. 


“It Floais with the Rod” 














"A STEAM PACKING THAT IS A STEAM PACKING 


TRADF MARK. REG. IN U.S. PAT. OFF. 


All Coods Stamped with the VANDA TRADE-MARK wil! fulflli the claims we make for them. 


VANDA SHEET PACKING 


THIS PACKING 1S THE PIONEER OF ALL COMPOSITION PACKINGS, 
ANDO {MITATORS ARE APPEARING IN GREAT NUMBERS. WE THERE- 
FORE, WOULO ESPECIALLY CALL YOUR ATTENTION TO OUR 


"TRADE- MARK DEVICE STAMPED ON EVERY SHEET 


GOODS MADE IN SHEETS ONLY OF 4%'x 4);' AND 4);'x S', IN ALL THICKNESSES 


The Vanpa Company, 96 Sprinea Street, N. Y. 


pee naw ns me EE ee nn 


H. W. JOMNS-MANVILLE CO., co-pistrisutors 
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Send For Free Samples 
of Selden and Zena packings. 
We guarantee satisfaction un- 
der the most severe conditions 
of service. Write. 


RANDOLPH BRANDT, 


72 Cortlandt St., New York. 

















LAW 
improveD METALLIC PACKING 


adapted for high and low pressures with saturated 
and superheated steam—air, gas, water, 
oil, ammonia, etc 
HOUCHIN-AIKEN CO., Sole Mfrs., 
37-47 Fifty-third St., _ Brooklyn, N. Y. 











MABBS | RAWHIDE PACKING 


The Packing for Water Works, 
Stern Pipes of Propellors; Deep 
Mine Pumps, Air Drills, Ice Ma- 

¥ chines and all machinery using 
7 cold water. 


Mabbs Hydraulic Packing Co., 
Box 829. CHICAGO. 
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SHIM THE SCUM 


from the water in your boiler as it rises. It is 
full of sediment, mud and scale forming impuri- 
ties which the Buckeye Automatic Boiler 
Skimmer will remove toa precipitator outside 
the boiler. The water will be returned clean and 
pure before it hasachance to cool. Thus you 
can prevent scale from forming at no expense 
save first cost. We'll send a “Buckeye’’ for a 
30 days’ free trial. You can’t lose. 


BUCKEYE BOILER SKIMMER COMPANY, 
SOUTH END, TOLEDO, OHIO. 











DON’T LET SCALE 
FILL YOUR BOILERS 


It‘s better to precipitate and blow 
off scale forming matter than to 
let it blow up the boiler. 


BIRD-ARCHER 
BOILER COMPOUNDS 


absolutely prevent every trouble 
caused by scale, prevent pitting 
and corrosion, and do it without 
injury to the boiler or fittings. The 
BIRD-ARCHER method involves 
no costly labor, no shut-downs, no 
hard work, and means fewer leaky 
tube ends and less cual. 


Try BIRD-ARCHER Compound 
at our expense. 


ASK FOR OUR FREE BOOK 
“TEN QUESTIONS FOR STEAM BOILER USERS” 


The Bird-Archer Company 
| 90 West Street, New York 7” 


THE HAWK-EYE BOILER COMPOUND 
vaya, NEVER FAILED. 


he See our Advertisement in First Issue 
= Ra E Every Month. 
Se ye 


=} —_HAWK-EYE COMPOUND CO., 


803-304-305 Merrick Block, CHICAGO, ILL. 

























Our Patented 


Mineral Wool Pipe Covering and 
\ Copper Gaskets sean 


, and Make Absolutely Tight 
= Joints. Best and Cheapest. 
=\\ Samples Free. 


United States Mineral Wool Co. 
140 Cedar Street, New York 











The Desmond Automatic Injector 
The Acme Of Simplicity 


As far superior to 
the old style compli- 
cated Injectors as 
modern machinery is 
to that of a Genera- 
a tion ago. 


Every one fully 
guaranteed. Accept 
no out-of-date sub- 
stitute. Insist upon 
the DESMOND. 
Write for Catalog. 


The Desmond-Stephan Mfg. Company, 
Urbana, Ohio. 
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A Powerful Little 
Device for Elevating, Conveying 
and Transporting Liquids— 


The Garfield Ejector 


Cannot be beat for rais- 
ing water from deep wells, 
mines or pits, filling or 
emptying tanks, raising or 
transferring liquids, etc. 

Note the straight pipe 
connections making it de- 
sirable for elevating water 
from deep driven or 
drilled wells. 


Positive in Its Work and 
Nothing to Get Out of Order 


You cannot afford to be without it. Write 
for complete des¢ription. Largé€atalog sent 
free. sh 
The OHIO INJECTOR Co., 

The World’s Greatest Injector Manufacturers, 


WADSWORTH 110 Main St. OHIO, U.S. A. 




































I 
The DripCock 
prevent it 
Ae | ings 





















Automatic 
Injector }! 








The Drip Cock of the U. S. } 
Automatic prevents freezing; pre-e ° {i 
vents overheating of suction pipe; 
prevents jet “‘liming up’’ when 

steam or check valve leaks; prevents 
destruction of hose on traction engines 

by heat from hot water, and has 

many other exclusive advantages 

fully explained in our 


Engineer’s Red Book 


sent free on request. 





AMERICAN INJECTOR CO. 
Detroit, Mich., U.S.A. 
























Cutters 
Are Set Non 
Yieldingly 
To Full Size 
Of Clean 
Tube 








The “DEMON”’ 


If you could secure a water tube cleaner that could do better 
work in $ the time you now use, wouldn’t you like to have it? 


Suppose the cleaner was not only guaranteed to save 4 the time, 
but was backed by a still more important guarantee that it would 
save not less than 3% in fuel over the use of any other cleaner. 


And better still suppose you could secure the loan of one of 








Se ee 


these machines without pledging a dollar or placing you under 
any obligations whatever. 


Such a cleaner—The ‘“‘ DEMON’”’—is awaiting a trial at your 


ah BE 


plant. It will mean many dollars saved to send for a ‘*‘ DEMON”’ 
on free trial today. Be sure and read Circular No. 54, on straight 
tube ‘‘ DEMON,” or Circular No. 56 on curved tube “ DEMON.” 


LA A eT 











The “TORPEDO”’ 


| THE GENERAL SPECIALTY CO., surraco, new York. 



























THE “TORPEDO” 


Removes a)l scale from tubes of fire 
tube boilers. 

Saves 11 per cent of fuel for each 1 16 
inch of scale. 

Prolongs life of tubes, 

Saves compound. 

Centers itselfin tube. 

Strikes same in every direction. 

Stroke limited and cushioned 

Does not hammer but vibrates the tube. 

Is absolutely safe and easily operated. 

Has but one moving part. 

Will last a lifet.me. 











If you are operating fire tube boilers it will pay you to consider 
carefully the remarkable guarantee accompanying each “TOR- 
PEDO” cleaner. 

The impossibility of cleaning the tubes of the fire tube boiler 
by any ordinary means has led us to make a guarantee that the 
“TORPEDO” will save its cost in any two boiler plant in not 
over six months. 

In other words it must yield a 200% return on the investment. 

Compounds may soften the scale—change its character, but 
to remove it all quickly and thoroughly you lose money daily by 
not having a “‘TORPEDO.” Cut your compound bills in half 
and put the other half in a “TORPEDO” and you will be way 
ahead of the deal before the year is out. 

A “TORPEDO” will be sent you on free trial for the asking. 
Don't fail to read Circular No. 30, “‘How to Tell a Good Fire 
Tube Cleaner.” 
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A Big Percentage Of Profit 


From Liberty Specialties 





LIBERTY LIBERTY LIBERTY 


Twin Strainer 


placed either in the suc- 
tion or pressure line can 
be absolutely depended 
upon to remove all foreign 
matter from the water sup- 
ply. The twin feature pro- 
vides for cleaning one side 
while the other side works 
thus insuring continuous 
operation. 


Turbine Cleaners 

made with heavy or light: 
They 
are guaranteed to remove 
scale of any thickness with- 
out any injury to the tubes 
and a Liberty cleaner will 
clean two tubes while any - 
other is cleaning one. 


scale attachments. 


Oil Purifier 


jis an oil refinery on a small 


scale. Without the use of 
water, bone dust or char- 
coal it will refine your 
waste oil and return it as 
pure and clear as if it had 


never been used at all. 90% 
of its work is done in the 
settling chamber. 


WRITE FOR A LIBERTY CATALOG. 


LIBERTY MANUFACTURING CO. 


6509 SUSQUEHANNA ST., PITTSBURG, PA. 
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The Wise Engineer Buys 
The Trill Triumph Indicator 


He knows it doesn’t pay to waste money experi- 
menting with the‘ just-as-goods.”’ 


For accuracy, lorg life and high quality. the 
“Trill” leads. WRITE FUR DESCRIPTION. 


\ THE TRILL INDICATOR CO., 


Eagle Street, Corry. Pa. 











sreonvey your GOAL fecttorlece than ONE CENT A TON 
in quantities of ONE TON A MINUTE or more. 
Catalog Free. 
THE GC. 0. BARTLETT & SNOW COMPANY, 
Cleveland, Ohio. 














THE ONLY METAL POLISH 


that works quick and easy and keeps its lustre. 
Holds old trade and makes new. IT DOES NOT 
DETERIORATE. Established 16 years. 

3-Ounce Box for [0 cts. 5-Pound Pails, $1.00 
Sold by Agents and Dealers all over the world. 
Ask or write for Free samples. Highest Award, 

Chicago, $3; St. Louis, 04. 
GEO. W. HOFFMAN, Expert Polish Maker, 


295 E. Washington St., INDIANAPOLIS, IND. 
Branches—New York, Chicago, San Franc.sco, 














ENGINEERS’ CHUMS Needed In every Engine Room, | 


p TOOL & SCRap 


Set of No. 1 Mound Scraping 
SCRAPING TOOLS Tools . ° © rs 


$2.50 
Set of No. 2 Mound Special 
HollowGround - - 68.68 
Set of 6 Mound Packing 
Tools - - ° $2.95 
Set of 5 Mound Cold Chisels, $3.00 


ee Se 








Bend for book “Engineers’ Chums.” 




















Hydraulic Presses 





We have thousands of patterns covering 
Straightening, Baling, Banding, Broaching, 
Caking, Capping, Die, Wheel, Fist, Crank 
Pin, Embossing, Forging, Forcing, Mandrel, 
Laboratory, Oil and Powder Presses. We 


manufacture all types. Every one guaranteed. 





WATSON-STILLMAN CO. 


50 Church Street, New York City. 
Chicago Office, 453 The Rookery. 








Engineers 


who want to be in line for advance- 
ment must see that their engines are 
doing their best work, economically 
and all the time. They must know 
exactly what’s going on—and the 


easiest way to know is by using 


The Robertson- 
Thompson Indicator 





And Victor Reducing Wheel 


This indicating outfit is simple, ac- 
curate, durable and moderate in 
price. Any engineer can buy it on 
easy terms if he so desires. It gives 
him the information that counts with 


the superintendent. 


Ask for the details, 


Jas. L. Robertson @ Sons 
46 Warren St., New York 
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Improved 
Thompson 
Indicator 


WITH OUTSIDE SPRING 
and CONTINUOUS DIAGRAM. 


atte 


rs 
sae Sige; t 
diate 
Di sare fpeeacanno Steinar habla | -} | 
| ' 
=| #4 
s aor 


j 
i 
; 


Geeacdiciadde 


Designed to meet the 
highest demands_ of 
steam engine practice. 
The spring is always 
cool in use, can be 
changed easily, and is 


For Extreme High and Low Speeds — | sways easy to’ inspect | 


and test. 

Perfectly geared and works smoothly and without 
noise. If you want a device at moderate cost which il aa din 
combines durability and absolute accuracy get the Indtcator 
S. & B. Tachometer. Write for catalog. Catalog. 


The Schaeffer & Budenberg Mfg. Co. 
Foxboro, Mass. 


Salesrooms and Offices: 23 Dey Street, New York. 15 West Lake Street, Chicago. 


No Rubber 
To Blow Out 


“NON-LEAKABLE” 


PENNSYLVANIA FLEXIBLE METALLIC TUBING is ideal for 
resisting the highest pressure of steam. It is successfully used for all liquids, 
compressed air, gases, etc.; and for all purposes where a high pressure is 
necessary. 


We manufacture it from copper or galvanized steel tape, in one con- 
tinuous length, rolled in the form of a spiral. The interlockiug edges meke 
it as flexible as rubber hose (more so in the larger sizes). An asbestos thread 
packing enclosed in the metal as it rolls renders it TIGHT under all con- 
ditions. All sizes from " to 12". Circular? 


Write 



































Pennsylvania Flexible Metallic Tubing Co. 
S. H. COLLOM. 1305 Arch St., Philadelphia, Pa. 


New York—86 Warren Street. Boston—71 High Street. Chicago—255 LaSalle Street. 


H. A. ANSELL. 
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{he Lunkenhemer Company 
Largest Manufacturers of High Grade Engineering Specialties in the World | 


General Offices and Works, Cincinnati, O) iter SA, 
New York, 66-68 Fulton St.; London, S. E:,35 Great Dover St.; Chicago, Lake and Dearborn Sts. 





Branches: 











08 


POWER AND THE ENGINEER. 





July 14, 1908. 














It Explains 
and Shows 


The science of _ electricity 
clearly. How the dynamo is 
made and the different methods 
of winding armatures. How 
to connect the dynamo to switch- 
board. How to care for and 
handle dynamos. How to con- 
nect dynamos together when 
running in parallel. What to do 
if your dynamo works badly. 
How to install, run, care for and 
handle dynamos and motors. 


How to set valves on the dif- 
ferent kinds of steam engines so 
as to get the best results. How 
to get the proper amount of com- 
pression on each end of a cylin- 
der. How to line an engine so 
that it will run smoothly. How 
to equalize the cut-off. How to 
set the steam valves on different 
kinds of steam pumps. The care 
and handling of inspirators and 
injectors. Care and operation 
of different kinds of pumps. 
The care and handling of, how 
to indicate and set the valves, 
how to find horse power and how 
to get the proper compression 
on a compound condensing 
engine. How to line a_ twin 
tandem Corliss engine. How to 
line and put up shafting and 
how to figure out the horse power 
of shafting. How to figure the dif- 
ferent kinds of gearing, and the 
horse power of the different kinds 
of gears. How to figure horse 
power of belts and their care. 
Also the driving power of belts. 
Rope transmission; horse power 
transmitted by rope. 








We don’t want you to feel that you are risking one cent when you buy this book. 
to examine it and be certain that you can use it. 


the book postpaid. 


How to Get the Best Book 
Published on Steam and 
Electrical Engineering 
Without Risking One Cent 


Tulley’s Handbook stands head and shoulders 
above all publications as the one book that 
covers the whole field of steam and electrical 
engineering. It is a book that every engineer 
should have. On its thousand pages are 10,000 
useful facts and 4oo fine illustrations to make 
the text clear. It’s plain and understandable, 
without an ’ology or ’ism in it, no dead lan- 
guages, nor dead issues, no higher mathematics 
—yjust the practical up-to-the-minute informa- 
tion that every engineer needs. Will you take 
advantage of our iron clad guarantee, order 
the book, examine it and get your money back 
if you are not satisfied ? Read the partial list 
of contents herewith. Remember that every 
subject is indexed for instant reterence; that 
every point is made plain; that Tulley’s Hand- 
book will prove a load-lightener, an efficiency- 
increaser, a money-saver and cost-reducer for 
every man in the power end of some enter- 
prise. The time to buy this book is NOW— 
while you’re thinking about it. 


READ THIS GUARANTEE : 


of receipt your money will be refunded at once. Use the order blank. 








HILL PUBLISHING COMPANY, 
505 Pearl Street, New York City. 


Enclosed find $3.50. Send me, subject to vour guarantee, 


Tulley’s Handbook, postpaid. 
Name . 
St. and No. 


Town and State . 


Power 














It Explains 
and Shows 


The principles of ice-making 
and mechanical refrigeration. 
How to handle, repair and 
operate an ice or refrigeration 
plant. How to test for water by 
evaporation. Effects of am- 
monia on pipes. Lubrication of 
refrigerating machinery. How 
to charge the system with 
ammonia. 


How to calculate the horse 
power of tubular or flue boilers. 
How to calculate the proper 
sized boiler to furnish steam for 
a steam pump. How to figure 
out the safe working pressure 
for boilers. How to figure the 
number of stay bolts required for 
a certain pressure, according to 
U. &. BR. aad 8. 6. B.. f. Ca. 
Safe working pressure that may 
be carried on boilers according 
to U. S. rules. How to figure 
the capacity of air compressors, 
also the amount of air required 
by pneumatic tools. How water 
is pumped by air. 

How to care for and handle 
electric and hydraulic elevators. 
How to figure the safe load for 
hoisting cables and how to care 
for then. 


A great many tables are given 
covering all sorts of steam and 
electrical matters, so that imme- 
diate reference can be made and 
an answer found without figuring. 

Over twenty pages are devoted 
to questions, with the answers, 
that are usually asked an 
engineer when applying for a 
license. 





We want you 


If you will torward your order with $3.50, we'll ship 
If you are not entirely satisfied and return the book in good condition within 5 days 


Price $3.50 Postpaid 


Hill Publishing Company 


505 Pearl Street, New York City 


American Machinist 


The Engineering and Mining Journal 
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Harrisburg Feed Water Heaters | Move: 


Of Pure Seamless Copper Coils. Guaranteed to be the most 
effective, most durable and cheapest heater manufactured. 








Wrought Iron 


Piease write for Descriptive Catalog. 


COPPER, IRON AND BRASS PIPE COILS PIPE 
AND BENDS OF ANY DESIRED SHAPE 


Manufactured by 


The Harrisburg Pipe & Pipe Bending Co. | Buack ano 


950 HERR STREET, HARRISBURG, PA. GALVANIZED 























Black Diamond 


Perfect 
Always 
For Sale 


Everywhere 


liabl dd ble under the 

Fl L bLS a n d RAS PS conor ae and weno 
and for allspeeds. Bulletin D, which 

G » & Hi sa BA R N BIT GO. tells more about it, sent for the asking. 
Black Diamond File Works The Williams Foundry & Machine Co. 


AKRON CLUTCHES 


DON’T Is it good policy to burn 
up money generating 















power and then not 
qt NAR, Copy of Catalog WASTE use it so as to get the 
sent ree to any full benefit? A good 

interested file POWER clutch will save its 


user upon appli- 


7 cost many times 
cation. 


overinayear, The AKRON 
CLUTCH has been proved re- 


speeds. Made in all powers 


PHILADELPHIA, PA. Akron, Ohio 


Successors to the Akron Clutch Co. 
























Knowledge is the Engineer’s support. Upon it depends 
his success or failure. Friends and influence may be of materia 
assistance in securing a position, but knowledge, and knowledge 
only, holds the position. The strength of any man’s support 
depends entirely upon himself. If he is content to drift along 
from day to day without learning more, without exercising his 
i / A P brain, his support will weaken—like muscle when not properly 
| ¢ \ ‘A “Mm 4 exercised. Do not let a few hours’ study stand in the way of your 


RRS 6 a al success. 


CYCLOPEDIA of ENGINEERING 


helps every person interested in steam, gas and oil engines to get at just what he wants—it gives 
him exactly the information which he needs. These six massive volumes offer him a true support—a_ support 
which will not weaken. The 3,000 7x10 in. pages are crammed with good brain exercises—the 2,000 illustrations, full 
page plates, diagrams, sections, tables, formulas, etc., tend to simplify this exercise without detracting from its benefits. 

Promotion comes with increased knowledge. The first-class engineer must know something besides 
making steam and saving fuel. He must understand more than one type of engine and more than one kind of fuel; 
how to manage the dynamos that his engines drive, and how to wire for light and power. And he must know how to 
put his suggestions for improvements or repairs into drawings so that others can understand them. This Cyclopedia 
covers all these subjects, and more. 


$ 18.00 Special Price—Regular Price $306.00 


Sent express prepaid for five days’ FREE examination. If it meets your needs, send $2.00 Pd 

and $2.00 a month until you have paid the special $18.00 price ; otherwise notify us to send for tie books ” 

at our expense. Regular price is $36.00. 

This work is invaluable in the library of any progressive man whether he is an engineer, fireman, / 

mechanic, superintendent, shop owner, student, inventor, or user of power in any form. F Power 
We employ no agents to sell our books, thus giving us the opportunity of tala 




















selling direct to you at the very lowest price. 7 American 
Brief List of Contents < a... + i 

Steam, Gas and Oil Engines—Indicators—Valve Gears—The Steam Turbine—C ompression - outed 
and Absorption Refrigeration—Marine Boilers and Engines—Condensers—Navigation— a dia of teanation ts © 
Locomotive Engines and Boiters—Vaive Motion—Air Brakes Automobiles—Principles of Pe) days’ free examination. I 
Heat—Chemistry—Construction of Boilers—Calorimeters—Steam Pumps—Elevators— ° will send $2 00 within 5 days 
Theory of Dynamo-Electric Machinery- Direct Current Dynamos—Direct Current © Bagh deme me —— 

Motors—Management of Dynamo-Electric Machinery—Electric Wiring—Storage P a ee eee ” 


f t d for the books. 
Batteries—Machine Shop Work—The Lathe-—-The Planer—The Shaper—Sys- icicles 


tems of Warmine—Prirciples of Ventilation—Heating: Furnace, Steam, i 
and Hot Water—Mechanical Drawing—Air Compressors. i WD ii eipevisis scdscviacss saneal 


AMERICAN SCHOOL OF CORRESPONDENCE “onion 0.00 


CHICAGO etn 
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Watch 


When buying a Feed Water 
Heater, ‘‘watch out”’ for freaks. 
They’re unreliable and costly 
in the end. Watch out for 
straight tubes and _ inside 
joints that leak. Watch out 
too for back pressure and 
contact of the water with the 
sheil or iron. 


The National 
Feed-Water 


Heater 


is simple, practical and reli- 
able. It has been made and 
sold for a quarter of a 
century. It heats the water 
to 210-212 degrees by using 
the exhaust steam, and it 
does so in a sensible, certain 
manner. 

Over 2,700,000 H. P. in 
daily use. Write for descrip- 
tive catalog. 


The National Pipe Bending Co. 


175 LLOYD STREET, NEW HAVEN, CONN, 


120 Liberty Street, New York 54 High Street, Boston, Mass. 











High Efficiency on account of long 
travel of water through the coils; thorough 
agitation of water, therefore rapid absorp- 
tion of heater; the scouring of the inside 
of tube walls caused by the centrifugal 
force of the flow prevents scale accu- 
mulation in the coils. 


Every coil a spring, no temperature 
strains. 


All tubes secured to headers with 


ground union joints. 


Accessibility to interior parts through 
large door in the shell, without discon- 
necting pipes. 


Tubes all standard and may be replaced 
by the engineer using no other tool than 
a wrench, 


Sizes: 30 H. P. to 6000 H. P. 
Write for Catalog. 


THE GRISCOM SPENCER COMPANY 


General Offices: 90 WEST ST., NEW YORK. 











THE WHITLOCK OPEN EXHAUST 
Feed Water Heater and Purifier 





Perfect Oil Separation. Easily Cleaned. The Highest 
Possible Temperature in the Feed Water. 


Manufactured by 


THE WHITLOCK COIL PIPE COMPANY 


HARTFORD, CONN. 
New York Office—Singer Building, 85 Liberty Street, 





The Hotter The Water * 
The Better The Heater 


Vi : The Otis Tubular 
Feed Water Heater 
«" and Purifier sends the 





water into the boiler 
at 212°, after purify- 
ing it, and removing 
all oil from the ex- 
haust. Its efficiency 
and economy are re- 


markable. 


We make twelve dif- 
ferent guarantees on 
the “Otis.” Let us 
tell them to you. 


The Stewart Heater Co. 
45 E, Delavan Ave., Buffalo, N. Y. 
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EXHAUST STEAM 


Hoppes Heaters are built in both 
Steel and Cast Iron construction 
and with or without water stor- 
age capacity as conditions may 
require. Every one is equipped 
with an efficient oil extractor and 
balanced, automatic regulating 
valve for controlling the raw 
water supply. They are no ex- 
periment but an apparatus tested 
by years of practical service in 
steam plants throughout the 
whole world and are guaranteed 
to give satisfaction. 


FEED-WATER HEATERS 


STEAM and OIL SEPARATORS EXHAUST HEADS 


HOPPES 


SEND FOR CATALOG 


, LIVE STEAM : 


** An ounce of prevention is 
worth a pound of cure’’ and 
a Hoppes Live Steam Feed- 
Water Purifier is the most 
economical and efficient pre- 
ventative of scale in boilers. 
They remove the scale-mak- 
ing solids from the feed- 
water at the proper time— 
before they enter the boiler 
—and also do away with tS ——- . ; 
the useless expense of 7 , guarantee of what it will 
chemicals. do for you. 


FEED-WATER PURIFIERS 


THE HOPPES MFG. CO. 19 LARCH ST. SPRINGFIELD, O. 


will heat your feed-water to the 
highest possible temperature ob- 
tainable from exhaust steam be- 
cause they bring the water into 
contact with the steam in thin 
films on a most extensive heating 
surface and the depositing of 
scale-forming solids on the heat- 
ing surface in no way retards the 
heating action of the steam. 








If you are troubled with 
boiler scale, send us a quart 
sample of your feed-water 
by express, prepaid, stating 
capacity of your boiler 
plant, and we will submit 
you a proposition on a 
Purifier together with blue- 


print, specifications and 
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CO2 RECORDERS AND THE GREEN 
SYSTEM OF MECHANICAL DRAFT. 


‘CO, Indicators or Recorders are receiving much attention from 
steam plant managers. The amount of carbon dioxide, or CO, 
in the flue gas gives a fair indication of the efticiency of the furnace. 
Either too little or too much air diminishes the pessensees of car- 
bon dioxide below that corresponding to the highest efficiency. 

However, as pointed out recently by Prof. Ennis, Mr. Mailloux 
and others, the CO, recorders are of little value unless means are 
provided for easily and adequately adjusting the draft. With 
many kinds of fuel, especially those of low cost, it is impossible 
to get the right amount of air through the fuel bed with the draft 
commonly furnished by chimneys, especially where the load 
upon the boilers has increased above that for which the chimney 
was originally designed. 

Most boilers can evaporate twice the amount of steam called 
for by their H.P. ratings, and with good efficiency, as has been 
demonstrated over and over again. The limitations upon most 
boiler plants lie in the draft arrangements. A strong draft may 
be required only during certain periods of the day or the year, 
yet to provide this by chimney means a big investment, while it 
can be provided with a mechanical draft fan simply by speeding 
up the fan. Moreover, the fan gives a greater range of intensity 
and volume of draft than can be provided in any chimney, and 
with suitable automatic arrangement, the draft can be as nicely 
controlled as may be desired. 

Where chimneys are already installed, the efficiency and capaci- 
ty of the plant can be greatly improved by a Green Forced Draft 
Outfit. Where there is no chimney, a Green Induced Draft can 
be installed. For the very best results, and to prevent leakage 
of air into the boiler setting or of gas outwards, a combination 
of forced and induced draft or chimney may be applied. 

By these means the most perfect combustion may be obtained 
with the least smoke, without excessive air supply, and, there- 
fore, with higher efficiency. Low grade coal can be utilized 
to reduce the unit cost of power. Further, the capacity of the 
existing plant will be increased and rapid‘and excessive variations 
in the demands on the boiler can easily be met. 

Send for treatise ‘108 P’’ on Mechanical Draft. 


The Green Fuel Economizer Co., 
MATTEAWAN, N. Y. 


New York City, Boston, Chicago, Atlanta, San Francisco, 
Los Angeles, Seattle, Salt Lake City, Montreal. 


Engineers; Builders of Green's Fuel Economizers, Fans, Blow er 
and Exhausters, Steam Air Heater Coils, Waste Heat Air 
Heaters, Mechanical Draft, Heating and Ventilating and 

Drying Apparatus, Draft Dampers and Engines. 175 





COOKSON STANDARD ALL CAST 
IRON FEED WATER HEATERS 


Highest Tem- 
perature and 
Positive Purifi- 
cation of feed 
water. 

COOKSON IMPROVED | £ Perlect Sepa- 
FEEDWATER MEATER §- —> "i . ration and Re- 
moval of Oil. 

Automatic 
Control of Cold 
Water Supply. 

Dry Steam for 
Heating Pur- 
poses. 

Finest Grade 
Special Fittings. 

Lime Catch- 
ing Pans. Es- 
pecially Adapt- 
ed for use with 
Heating Sys- 
tems, Dryers, 
Etc. 

Write for our 
new Heater 
Catalog. 


BATES MACHINE COMPANY 


Sole Manufacturers Joliet, Iinois 





et me ~— an 


Bares Macnine Co. ¢ 
SOT tar 











The Wickes Heater 


Exhaust steam utilized for 
heating water for boiler feed or 
laundry work. 

Simple, effective, 
Tested like a boiler. 


The Wickes Boiler Co. 


Main OFFICE AND WORKS: 


Saginaw, Michigan 
Sates OFFICES: 

1411 West 8t. B’ld’g, West and Cedar Sts., New York City, 
1189 American Trust B'ld’g, Chicago, Il. 
Penobscot B’ld’g,Detroit,Mich, Empire B’ld’g,Pittsburg,Pa, 
601 Brown-Marx B’ld’g, Birmingham, Ala, 


durable. 




















We’ll Pay For 
of the 


Patterson-Berryman 
Heater and Purifier 


Your Trial 


so that you can assure yourselt 
of its value without risking a 
penny. Write for the trial offer 
and our catalog. 


Frank L. Patterson & Co., 


28 Cortlandt St., New York, U.S. A. 
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and in all other respects 


Unequaled For Simplicity 
There are no outside valve gears to bend or bind. 


All working parts are completely covered. 
Write for Catalog E. 


DU BOIS IRON WORKS 


Established 1877 


805 Brady Street Dubois, Penna. 


















WARREN STEAM PUMP CO. 


Warren, Mass. 


PUMPS FOR ALL REQUIREMENTS. 


PISTON DEEP WELL VERTICAL 
HYDRAULIC PLUNGER POWER 


Air Pumps and Jet Condensers, 
Combined 
Air and 
Circulating, 
and 
Marine. 


CATALOG ? New York Office, 95 Liberty St. 








BLAKE 


PUMPING MACHINERY 





Duplex Outside End Packed Plunger Pump For 300 Lbs, M 





mum Pressure, 


We manufacture Steam and Power Pumps for 
every possible variety of service for use in 


POWER STATIONS—REFRIGERATING PLANTS 
MARINE INSTALLATIONS—SUGAR HOUSES 
MINES—OFFICE BUILDINGS 
QUARRIES—CONTRACTING WORK 
BREWERIES—PAPER MILLS 
TANNERIES—WATER WORKS 
SMELTERS—REFINERIES 
FOUNDRIES, ETC. 


THE GEO. F. BLAKE MANUFACTURING CO. 


115 BROADWAY, NEW YORK 
Branch Offices In All Principal Cities 


























ON ACCOUNT 


of their extremely low cost of 
operation and the small 
amount of attention required 


Goulds 
Efficient 
Power Pumps 


are growing in favor wher- 
ever they are installed. Let 
ussend you Catalog of Pumps 
for every service. 


The Goulds Mfg. Co. 


Seneca Falls, N. Y. 


New York. Philadelphia. Pittsburg. St. Louis. New Orleans, Chicago. 
Los Angeles. San Francisco. Louisville, Ky. 











Clean Boilers 


can be yours; there's no 
excuse for not having 
them. Scale is an_ un- 


necessary and expensive 
evil that can just as well 
as not be prevented. 


The 

Eclipse 

Feed Water 
Heater 

and 
PURIFIER 


uses the live steam to heat 
the feed water to a tem- 
perature of 300° F. At 
this degree the scale form- 
ing impurities are separat- 
ed before the water enters 
the boiler. 
demanded too. Catalog? 


Less fuel is 





The Eclipse Feed Water Heater & Purifier Co. 
Oshkosh, Wisconsin, 
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AMERICAN STEAM PUMP CO. 


BATTLE CREEK, @ICH., U. S. A 





Manufacturers of 
MARSH and AMERICAN STEAM and 

POWER PUMPING MACHINERY 

for Every Service. 

We make a specialty of VACUUM 
PUMPS, both STEAM and POWER, for 
heating systems. 

Send for Catalog 17-G. 


SIMPLEX NOT DUPLEX. 
To be simple is to be great. 


American Electric Driven Vacuum Pump. Silent Chain Drive. 











GREAT BURNHAM 


Steam Pumps 
WILL NOT SHORT-STROKE 


Steam, belt and Motor-driven 
to meet every requirement. 


Buy a Burnham’ and Save Money 
Made by the 
UNION STEAM PUMP CO. 


WRITE FOR CATALOGUE NO. 17-E Battle Creek, Mich. 

















Dean Bros. Steam Pump Works 




















e Pa) for 
atalogue 

INDIANAPOLIS Deming “treatise 

* Feedin 

Simple and Duplex Boil- Boilers. 

er Feeders. Jet and Sur- For 
Ce ee ae ; face Condensers. Power Power 
Simpie Plunger Pump and Electric Pumps. Soy 


Vc. ——_7l_—— 








“MYERS @ POWER PUMPS 


Adapted especially for gas 
engines, motor and belt 
powers, in harmony with 





ttion by PUMPS 


any powel, — 

















MGatalog cont on requect. : The Deming Company 
F.E. Myers & Bro., Avencies ia... Salem, Ohio 

















Ashland, Ohio, U. S. A. 














What Are Your Boilers Doing? 


Are you getting the best economy ? 
Is your coal best fitted for your purpose ? 
Can You Tell Your Evaporation ? 


DETROIT METER 


Will Give You a Continuous Record of 
Your Boilgr Feed Water 
Built in all sizes for all requirements of power 
plants, heating companies and for 
measuring any liquid. 


CENTRAL STATION STEAM COMPANY 
Detroit, Mich., U.S. A. 


SEND FOR CATALOG. 
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THE KEYSTONE 


Pressure Filter System 














HOW DO YOU FICURE 
AIR PUMP DISPLACEMENT? 


A common rule is to make the volume swept by the air 
pump equal to 1-23d of the volume swept by the low pressure 
cylinder. 


But what is the volume swept by the air pump? 


If there is a clearance space left filled with air and vapors 
at the delivery end of the stroke, these vapors must expand 
again from atmosphere down to condenser pressure before 
any gases can flow into the pump cylinder from the Con- 
denser. Not only that, but if the air pump has foot valves, 
the gases in the pump cylinder must expand still further 
until the difference in pressure between the pump cylinder 
and condenser is sufficient to lift these foot valves. Not 
until this point is reached does the pump begin to do its 
proper work in drawing air and vapor into the Condenser, 
and only the remaining part of the stroke should be con- 
sidered in figuring the volume swept by the air pump piston. 


We wish, now, to draw your attention to an air pump 
that is not subject to these limitations. The illustration 
shows a duplex Wheeler-Edwards Suction-valveless Air 
Pump. At the delivery end of the stroke the air and vapors 
are forced out through the delivery valve AHEAD of the 
water, no gases therefore remain for re-expansion during the 
return stroke. 


Again, when the plunger reaches the bottom of the stroke, 
the pump chamber is in free communication with the con- 
denser, and the condensation which has accumulated at the 
bottom of the cylinder is injected in above the plunger in 
such a manner as to have an aspirating action and to slightly 
compress the air and vapors there just when the plunger 
closes the ports on the return stroke. This pump is therefore 
thle to give as high vacuum as any combination of high 
vacuum pumps, condensation pumps and air coolers. It 
is being used in several of the largest steam turbine installa- 
tions in this country. 


Submit detailed particulars in regard to your plant and 
we shall be pleased to prepare a lay-out and make an estimate. 
\sk for “ Bulletin 3P.” 


“WHEELER CONDENSER & ENGINEERING CO.. 


CARTERET, N. J. 


Philadelphia 








is sold under this positive guar- 
antee: 

That it will remove all vege- 
table and mineral impurities 
from any water. 

That boilers using feed water 
so treated will remain free from 
foaming, scale or corrosion. 

That if the KEYSTONE 
PRESSURE FILTER SYS- 
TEM fails to fulfill these condi- 
tions it will be removed without 
cost to the customer. 


OPERATION. 


The diagram above shows a complete 
installation. Observe its compactness, 
and the absence of settling tanks or 
other cumbersome accessories. Its ope- 
ration is absolutely positive. Nothing 
is left to chance. ‘The water to be puri- 
fied is subjected to careful chemical ana- 
lysis; its dissolved impurities determined 
and a chemical agent provided that will 
precipitate itself and the dissolved im- 
purities together, as insoluble matter. 
In this form it is filtered out together 
with the suspended impurities, leaving a 
pure, harmless water to enter the boilers. 

Complete information supplied on 
request. 


The Keystone Chemical Mfg. Co. 
San Francisco 


Chicago 
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The Basis 
Of Economy 


in any power plant is the boiler 
system. If you appreciate that 


fact you will do well to inves- 
tigate 


Our Safety Water 
Tube Boiler 


Built for any pressure from 125 


to 300 pounds. Meets all the 
high duty requirements of 
modern triple and quadruple ex- 
pansion and compound engines. 
Perfect circulation, remarkable 
economy, and freedom to expand 
and contract, are features. 


Ask for illustrated catalog and 
latest test report. 


Oil Well Supply Co., 


Pittsburgh, Pa. 


Boiler Works Dep’t., - - OSWEGO, N. Y. 


Branch Offices—NEW YORK, PHILADELPHIA. 








It’s Easier Not To Have 
Scale Than To Have It 


By installing the Bartlett 
Water Softening System, 
you positively prevent scale 
from forming by removing 
from the water all trace of 
‘*hardness,’”’ which is a 
sign of scale-forming im- 
purities. 

If you continue to feed 
your boilers hard water, you 
are actually forcing scale 
upon them. Then you have 
to resort to injurious clean- 
ers to get it out. So why 
put it in? 


Write for 
Catalog. 





Northern Water Softener Co. 


Madison, Wisconsin. 








Good Points 


sa INCREASES ENGINE 
7. — POWER 








DECREASES COAL 
COST 





AFFORDS CLOSE 
REGULATION 








REQUIRES NO AIR 
PUMP 





BOOKLET ? 





ZOomo<w 
ADAMwZzmoeZzoone 


Wn. . 
Baragwanath 
@ Son 


54 West Division St. 
CHICAGO, ILL. 


, Thomas B. Whitted, Piedmont Bidg., Charlotte, N. C., Southeastern Manager. 


IH > ze sop apn 
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THE RUST 


WATER TUBE 


BOILER 


SAFE, SIMPLE, DURABLE, 
ECONOMICAL, ACCESSIBLE 
Write for Report of Tests by William Kent, 


THE RUST BOILER CO,, 
PITTSBURGH, PENNA. 


THE Rust ENGINEERING Co.,{| Birmingham, Ala. 
Southern Agents | New Orleans, La, 


























CONTRACTORS. - 
CENTRAL STATION HEATING. Water Tube Boilers 
All Wrought Steel 

Construction 


Write for valuable information 


AMERICAN DISTRICT STEAM CO., 


Lockport, N. Y. Toronto, Can. Chicago. 











Ask for New Catalog P. W 








ESTABLISH ED 1865. 


E. KEELER CO. 


Williamsport, Pa. 
New York, Philadelphia, 











ROBERT W. HUNT & CO. 


Bureau of nce engy Tests and Consultation 

















—onernr — Inspection of Rails and Fastenings, Cars, 
West Street Bids . » New York. Locomotives, Pipe, Etc. Bridges, Buildings 











™ ‘os ; Chicago, San francisco, 
1121 The Rookery, Chicago. andotherStructures Chemical and Physical Wilkesbarre and —- 
Monongahela Back Bids., Pittsburgh. Laboratories. Reports and Estimates on Orleans. 
Norfolk House, Cannon St., E. C. London, Properties and Processes. 

















BOILER (Water Tube) 


| [FRANKLIN “A258.50" 
mi: 7 PE } BUILT BY 
alle ites | FRANKLIN 
| ge 


WORKS All flange steel construction. 
Co., Shipped from the shop completed. 
ie 3 .| TROY, N.Y. BUILT ONLY BY THE 





SALES OFFICE Heine Safety Boiler Co. 


39 Cortlandt St., 
New York, N. Y. ST. LOUIS, MO. 

















® Gincinnati, Ohio | PARKER BOILER co 
y Builders of 


macueey WATER TUBE BOILERS—SUPERHEATERS. 

and iy. Whee PHILADELPHIA, PENNA. 
‘ypes 

Water Works New York—Pittsburg—Chicago—Denver—San Francisco, 








Pumping Engines 


Edge Moor Boilers | “°° 


a Specialty, 

















— WATER TUBE 








EDGE MOOR IRON CO., Edge Moor, Delaware Send for Catalog S. 
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THE BABCOCK @ WILCOX COMPANY 


85 LIBERTY STREET, NEW YORK 


WATER TUBE STEAM BOILERS 


STEAM SUPERHEATERS—-MECHANICAL STOKERS 


Barberton, Ohio — 


WORKS — 


Bayonne, N. J. 


BRANGH OFFIGES 


Boston — Delta Building DENVER— 
PHILADELPHIA—North American Building 

SAN FRANcIScO—99 First Street 
PirrspurG—Farmers Deposit Nat. Bank Building 
New OkLEANS—533 Baronne Street 


435 Seventeenth Street 
SALT LAKE City—Atlas Block 
Cuicaco—Marquette Building 
ATLANTA, Ga.—Candler Building 
CLEVELAND—New England Building 


Mexico Ciry—7 Avenida Jurez 
HAVANA, CUBA—1164 Calle de la Habana 
Los ANGELES—Trust Building 
CINCINNATI—Traction Building 











Fuel Economy 


Ts large heating surface of the 
CLIMAX BOILER and its 
ability to utilize every particle of 
heat enable it to produce more steam 
per pound of coal than any other type 
or make. It supplies steam absolutely 
dry and superheated to over 80 
degrees. Full description in our 
booklet. Write. 


The Morrin Climax Boiter Co. 


Brooklyn, N. Y. 
Main Offices; 250 Lorraine Street. 


Works: 
Smith, Lorraine, Court and Creamer Streets 
Telephone, 243 Hamilton. 














Puts an End 
to Seale. 


In Vogt Boilers the feed 
water has to pass through 
three banks of tubes be- 
fore entering the steam 
drum. Circular ? 


HENRY VOGT MACHINE CO., Inc. 


LOUISVILLE, KY. 








Robb-Mumford 
Water Tube Boiler 


























Free expansion of tubes—Perfect 
water circulation—Dry or super- 


heated Steam—Half the usual =: 
number of handholes. 


Robb-Mumford Boiler Co., 


South Framingham, Mass. 


New York Office, 90 West Street. 
Built in Canada by Robb Engineering Co., Ltd., Amherst, N. 8, 











BOILERS 


Are Boilers of 
CHARACTER 


They bear the mark of superiority. They are built by 
mechanics, are strong, solid, substantial, efficient, dura- 
ble. Have the name KEWANEE in your specifications. 


KEWANEE BOILER COMPANY 


KEWANEE, ILLINOIS. 




















Alberger Condenser Co. 

















Condensers, Centrifugal, 
Cooling Volute, 
Towers, 95 Liberty St. d 
Vacuum New York ” 
Pumps, Turbine 
Heaters Pumps 





Alberger Pump Co. 
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Seave Jt Jo Us 


We will send men and portable tools, make 
the engine repairs on the spot quickly, 
cheaply and satisfactorily. 

Write. 


AMMONIA COMPRESSORS I NDICATED 


H. B. Underwood & Company 


ESTABLISHED 1870 
1027 Hamilton St., Philadelphia, Pa., U. S. A. 


























Any Pressure 


UP TO 8,000 LBS. PER SQ. INCH 


can be positively and automatically 
controlled with the 


FISHER governor 


For use in Hydraulic Service, Air 
Compressors, and all types of Pumps 
working under pressure. Sold under 
guarantee to satisfactorily perform 
its work. Write if interested. 


THE FISHER GOVERNOR CO. 


MARSHALLTOWN, IA. 


















” The Monarch Steam Blower Co. 


Do You Know 


how much coal is wasted in 
your plant every day owing 
® to soot accumulation in the 

boiler flues? It runs up into 
d a large amount in the course 
of a year. 

A Monarch Steam Flue 
Blower would stop this 
waste. It blows the soot in 
the direction of natural draft. 
Why not order one on trial ? 


Troy, New York 








THE 


BERRY @ 
i| Wr \ 


= 
= 


| 


Safety 
Automatic 


Feed Water 
REGULATOR 


Send for Catalogue 


BERRY ENGINEERING COMPANY 
Chester, Penn. 


Metropolitan Office, 136 Liberty 8t., New York City. 








J.S. Ward, Agt , 7-9 8. Jefferson St. 


Chicago. 





The Vigilant 
Feed-Water Regulator 


for steam boilers was the first in the 
field, and has the longest and best record 
of any of these devices. 


Costs Less to Operate and Maintain 


Constructed on a different and better 
principle than any other. 
Investi, ate it and the 


FULTON PUMP GOVERNOR 


and send for latest catalogue with list of 
users. 

A guarantee from @ responsible firm 
with every machine, 


THE CHAPLIN-FULTON MFG. CO. 


Pittsburg, Pa. 











Morison Suspension Furnaces 
For Land and Marine Boilers 
also—FOX CORRUGATED FURNACES. 


Uniform 
Thickness 


Easily Cleaned 


Unexcelled 
for 
Strength 





po tncaranbinat By 
The Continental Iron Works 


Near 10th and 23d Ferries 
West and Calyer Streets. Brooklyn, N.Y. 











NEw Yorks, N. Y., Hudson Term’1 Bldg. SAN FRANCISCO, CAL., Crocker Bldg. 
PHILADELPHIA, Pa., Pennsylvania Bldg. PORTLAND, ORE., Wells Fargo Bidg. 


St. Louris, Mo., 3rd Nat'l 


SALT LAKE City, UTAH, Dooly Bldg. CHICAGO, Commercial Nat. fink Bldg. 
PITTSBURG, Pa., Frick Bldg. NEW ORLEANS, LA, Maison Blanche, 
DENVER, COLO., Majestic Bldg. SEATTLE, WaASH., Alaska Bldg. 


ADAPTED FOR A VARIETY OF USESIN 
MECHANICAL AND ENGINEERING LINES 


Rilissast cai 


LOCAL SALES OFFICES: 


Bank Bldg. ATLANTA, GaA., Candler Bid 
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Weiss Counter-Current Condenser. 


We are sole licensees in the United States for the 
manufacture and sale of this Condenser, and will 
gladly send particulars to any one interested. 

We guarantee any desired vacuum, using less 
cooling water and of higher temperature than other 
apparatus, 


All contracts made upon positive statements as to 
relative volume of steam and water. 


Southwark Foundry & Machine Co. 


PHILADELPHIA, PA. 


SEND FOR 
CATALOGUE 


Better Light 





CHEAPER THAN 
YOU BUY IT . 
FROM THE MAINS {, 


Produce it yourself with 
Engberg’s Generating Set. Size 
and power considered there 
is nothing to equal it on the 
market. Will maintain with 
perfect steadiness from 30 to 
500 lights requiring very little steam and less of your attention. 
For compactness and reliability it has no equal. 


Engberg’s Electric & Mechanical Works #; 22%" 











A COMPRESSOR GETS PRETTY HOT 


when {it’s working hard. No 
need to add to the tempera- 
ture when a motor runs the 
outfit—select a 


C&C MOTOR 


} the coolest running motor on 
the market. (Get Buletin 
fm 158K.) 


The C&C Electric Co. 


General Office and Works: 


GARWOOD, N.J. 


New York, 149 Broadway. 

Philadelphia, West End Trust 

Bldg. Boston, H.A. Howard, 

10 Post Office Square. 
Agencies in all principal 
cities. 











ENGINE AND BOILER BARGAINS 


ENGINES 
16 x 82 Buckeye, Automatic 
14 x 24 Atlas, Automatic 
1334 x 15 Taylor, Automatic 
12 x 18 Brownell, Automatic 
12 x 24 Wetherill, Corliss 12 x 14 Green, Automatic 
10 x 30 Hamilton, Corliss 12x 12N. Y. Safety, Automatic 


Also large assortment of Automatic and Throttling Engines of 
other sizes. 





20 x 42 Allis, Corliss 

18 x 42 Hamilton Corliss 
18 x 36 Wright, Corliss 
14 x 24 Wright, Corliss 


BOILERS 
84 x 18, 78 x 16, 72 x 18 High Pressure, 72 x 16, 66 x 16 and smaller 
sizes of Horizontal Tubular Boilers, also Vertical and Fire Box 
Boilers from 5 to 60 H. P. 
Heaters, Pumps, Tanks, Saw Mills, Iron Working Tools, etc., etc. 
Write for bargain list. 


We are the sole manufacturers ofthe celebrated ‘‘Leader’’ 
Injectors and Jet Pumps. 
THE RANDLE MACHINERY CO. 
1768 Powers St., CINCINNATI, OHIO. 































ICE MACHINE 


Satisfaction — 


That absolute knowledge that your ice ma~ 
chine is producing full capacity at the mini- 
mum expense; that there is no danger of shut 
downs for repairs—this is the result of using 
Triumph machinery. 


The Palmyra Ice Co., Palmyra, Mo., state— 
“The machine is a light steam user and the 
construction is such as to guarantee long life 
with light repair bills. In faet, our repair 
bills during the past season have been nothing 
and the machine has been used constantly all 
summer night and day up to Dec. Ist. Were 
we in need of another machine, we would 
duplicate it.” 


In addition to our unequaled compressor con- 
struction, remember we also provide you 
“The fittings that don't leak.” 


Let us send you catalog “Triumph Originality,” 








THE TRIUMPH ICE MACHINE CO. 
Cincinnati, Ohio, U.S. A. 




















\ 
The overload capacity. of G-W electric 
generators makes them popular with the 
In emergencies they do better 


Bulletin 80M 


describes our D. C. machines. 


engineer. 


than is expected of them. 








GROGKER-WHEELER GOMPANY 
Ampere, N. J. 



















York Manufacturing Co. 
York, Pennsylvania 


We manufacture all 
machinery and parts 
needed to equip a 
com) lete Ice or Re- 
frigerating plant— 


Machines, Conden- 
sers, Tanks, Cans, 
Coolers, Piping, 
Boilers and Am- 
monia Fittings. 


ofall kinds. We em- 
ploy over 1,250 men 
in the manufacture 
of Ice and Refrigerat- 
ing Machinery ex- 
clusively. Catalogue 
sent upon request. 
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“Individual Electric-Motor 
For Pumping - 


an electric motor is much simpler than any 
form of engine and the electric service 
always instantly available. There are 
reciprocating parts, no pistons to wear out and 
require packing, no dirt, exhaust steam or 
vibration to contend with; the motor is clean 
and the bearings are self-oiling, 
requiring only an occasional inspection and 
renewal of oil. 





is _ 


no 


noiseless, 











Drive 














Address nearest office for information. 


Westinghouse Electric 


Kansas City 
Los Angeles 


Cleveland Denver 
Dallas Detroit 
Ltd., Hamilton, Ont. 


Atlanta 
Baltimore 


Boston 
Buffalo 


Chicago 
Cincinnati 


New York Pittsburgh 
Philadelphia St. Louis 
Mexico-G. & O. Braniff & Co., 


Minneapolis 
New Orleans 


Canada—Canadian Westinghouse Co., 


Westinghouse Motor Driving 6x12 Aldrich Quintuplex Pump 
Designed to deliver 426 gallons per minute against 1106 feet. 


& Mig. Co. 


Salt Lake City 
San Francisco 
City of Mexico 






Seattle 
Syracuse 




















FOr ZN GI2 
The Final Test 


of efficiency in a transformer is service— 
that determines the quality of efficiency. 
No matter how high the efficiency may be 
when installed, if that efficiency can not be 
maintained it is of no real value. 





HIGH EFFICIENCY 





15 K.W. Type A Transformer 


The only transformer that maintains its 
durability and efficiency like a Type A 
transformer is another Type A. 


They are alike in quality. 


700 





Main Office 
Fort Wayne, Ind. 


In most 
large cities 


Sales 





TRIUMPH 


INDUCTION 


MOTORS 


HIGH POWER FACTOR 
COOL RUNNING 





10 .P., 220 V., 3 H.P., 1200 R. P.M. 


Triumph Electric Co., 


Main Office and Works: 
CINCINNATI, OHIO 


BRANCHES IN ALL LARGE CITIES 


























Dffices 
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Pittsburg Office, 
310 House Building. 


New York Office, 
26 Cortlandt Street. 


WARREN GAS ENGINES 


Horizontal and Vertical 
Types up to 700 H. P. 


NOT AN EXPERIMENT 


Economy and Reliability Have Been 
Demonstrated by Actual Service 


FULLY GUARANTEED 


For All Street Railway, Electric 
Light and Power Requirements 


STRUTHERS-WELLS COMPANY, 
WARREN, PENNA. 

















Riverside Heavy Duty Single Acting Tandem Gas Engine (Class C) 


Atlanta, W. E. Austin Co., Candler Bldg. 


New York, 50 Church St. Pittsburg, Keenan Bidg. Fitchburg, Mass., Brown-Russell Co, 


RIVERSIDE 


Engines are the standard American 
Gas Engine. They have the reli- 
ability of a steam engine, che great- 
est accessibility, are extremely sim- 
ple and are economical to operate. 


Built in all types, single cylinder, 
single acting to twin tandem double 
acting, 40 to 2,500 H. P. 
Riverside Engine Co., 

Oil City, Pa. 


Yadianepolis, F. Louis Egan, 1130 Congress Ave, 











Lammert & Mann 


Engineers and 
Machinists 


157 S. Jefferson Street, CHICAGO 





WE MAKE A SPECIALTY OF 
Engines Indicated. 
Repairing Engines. 
Special Machinery. 
Oil Dash Pots. 


Corliss Engine Repairs. 
General Jobbing. 
Pumps, etc., all kinds 
Pulleys, Hangers, Shafting, etc. 





THE BALL 
ENGINE CO. 
ERIE, PA. 








REEVES 


Engines have been tried and found 
true—let us tell you more about them. 


REEVES ENGINE & MACHINE CO. 


Main Office and Works—Trenton, N. J. 


















De LaVergne Machine Co. 
NEW YORK 
KOERTING GAS ENGINES 
Hornsby-Akroyd Oil Engines. Refrigerating and 
Ice Making Machinery 





Northern Type ‘L’ Generators for Direct Connection to Engines 


Our New Type “L"’ Generator has no equal for economical operation due to 


the tact thet itis MADE RIGHT. It embodies patented features not found 
in other makes For instance our Trisected Laminated Pole insures perfect 
commutation under all loads. The Northern system of natural ventilation 


insures low temperature rise, Get Builetin 855, 


Northern Electrical Mfg. GCo., Madison, Wis., U.S. A. 
Standard and Special Electrical Machinery. 950 





ALBERGER TANDEM GAS ENGINES 


ACCURATE. REGULATION -FOR ELECTRIC SERVICE~AUTOMATIC CUT-OFF AND 
RITES FLY-WHEEL GOVERNOR 


A.H.ALBERGER: COMPANY 


45 TO 600 H.P. USING NATURAL GAS 695-697 ELLICOTT SQ 
35 TO 500 H.P. USING PRODUCER GAS BUFFALO. NY 














the Griffith & Wedge Co. 


Established 1840 
Zanesville, Ohio, U. S.A. 


Manufacturers of 


TheOhioCorliss Engine 


and Hoisting Engines 
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Robt. Wetherill & Co. 


INCORPORATED 


CHESTER, PENNSYLVANIA 


CORLISS ENGINES 
perry sareTY BOILERS. power piants 


We Manufacture 
AN ECONOMICAL 
AND DURABLE 




















Shepherd Engines 


Perhaps vou have one; if so, we’re content to stand 





ROTARY ENGINE by its record. If not, we'd be glad to tell you what 
Send for Catalogue SHEPHERD ENGINES have done and are doing. 
Ball Cooley Engineering Co Drop us a line. 
316 HUDSON ST., NEW YORK CITY and 159 GREEN ST., BOSTON. Shepherd Engineering Co., Williamsport, Pa. 














CORLISS ENGINES 


Good Engines pot 
Refrigerating and 


for every power 
purpose. Ask 





=~ for Catalog. j j 
bistartows Ice Making Machinery 
Engine Co., THE VILTER MFG. CO. 





Watertown, N. Y, 910 Clanton St., Milwaukee, Wis. 

















) TheC. & G. CooperCo. 
Bates Vertical Automatic High Speed ENGINE BUILDERS 


ngine for connection to Pumps. Espe- MT. VERNON, OHIO 
clally adapted for ; 


WATER WORKS, IRRIGATION 








New York—11 Broadway 





ind other places where it is desired to Boston—41 Weld Bidg. 
ove a large volume of water at small Philedelphia--Drexel Bldg. 
xpense, Atlanta—310 Candler Bidg. 
CATALOG FOR THE ASKING. . Charlotte, N. C.—South Tryon St. 


Chicago—1539 First Nat’! Bank Bidg. 





BATES MACHINE CoO., Joliet, Ill. 
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SKinner Engines 


CENTER CRANK 
SIDE CRANK 
SINGLE and FOUR VALVE 





ey 4 ee ~ = 
SIDE CRANK TYPE SKinner Engine Co., 
Erie, Pa. CENTER CRANK TYPE 











BUCKEYE ENGINE COMPANY, 
SALEM, OHIO 


BUILDERS OF HIGH CLASS 


STEAM AND GAS ENGINES 


HIGH IN DUTY, SUPERIOR IN a 
AND 


ABSOLUTELY RELIABLE 
i CORRESPOND WITH US BEFORE PURCHASING 
= 








CATALOGS ON APPLICATION 














Phoenix Iron Works Gompany 


BUILDERS OF 
AUTOMATIG GUT-OFF ENGINES 
ALSO 


BOILERS, HEATERS, TANKS AND 
GAS GONDENSERS 





General Offices and Works: - ~ MEADVILLE, PA. 








RICE & SARGENT 
Corliss and sign Speed Engines 


Strong and durable. 





Unmatched for ease and safety of operation. 


Write for a Catalogue. 
BUILT BY 


Providence Engineering Works 
Providence, Rhode Island 


New York Office, 42 Broadway 
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IDEAL for other purposes 


The ‘‘Ideal’’ has made its reputation as an Electric-Light Engine; but the 
qualities which have made it so pre-eminent in this field, are just as essential in a 
general-purpose engine. Economy, Perfect Regulation and Simplicity ought to 
be the common virtues of every engine. 

Simple and compound, 10—500 horse power. 


IDEAL ENGINE WORKS, 
A. L. IDE & SONS, 
Springf:eld, Ill. 





They run so true and steady that a silver dollar 
will stand balanced upon the cylinder under test. 


4 
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This Engine Runs 200 
Revolutions per Minute 


High speeds, high pressures, unsurpassed 
economy; low repairs, the most perfect 
valve motion; low cost per engine horse 
power, still lower generator cost. The 
first Corliss engine we ever built run 26 
years at the rateof11 hours perday. It 
is still absolutely perfect and is the en- 
gine we show prospective buyers. Bet- 
terinvestigate our engine records. 


CATALOG FREE 


CLARK BROS. CO. 


Belmont, N. Y. 














The Engine that 


lasts longer and 
gives more satisfac- 
tion per day than 
any other. 


CATALOG ? 


Erie Mig. & Supply Co. 


1203 Peach St., Erie, Pa. 




















ON A MINUTE’S NOTICE 


ae & 


Bf Ve: 
™ be. - _ 3 -_——_ 
“; \ ee ad 
fo 
—— 








We have for immediate delivery: 


NEVER EQUALED—RARELY RIVALED 


One 18-inch by 42-inch girder frame engine, senna eects marcantinn tore 
left hand, 90 revolutions, rated at 250 h.p.; RIDGWAY DYNAMO @ ENGINE co. 
wheel 14-ft. diameter by 48-inch face. Ridgway, Pa., U. S. A. 











One 19-inch by 42-inch girder frame engine, 
right hand, 100 revolutions, rated at 280 h.p.; 
wheel 14-ft. diameter by 33-inch face. 


DE LAVAL 


Steam Turbine Motors 
Steam Turbine Dynamos 
Stcam Turbine Blowers 
Steam Turbine 
Centrifugal Pumps 
Electric-Motor 
Centrifugal Pumps 


The above are NEW engines. 








One 14-ft. diameter by 28-inch face pulley, 
turned for belt. Hub bored 1l-inches diam- 
eter. Wheel weighs 15,000 pounds. 


Get busy and communicate with us. 


Cc. H. BROWN ENGINE CO., Inc. 
FITCHBURG, MASS. 


Chicago Representative—Frank H. Ponp & Co., Fisher Bidg. 





De Laval Turbine-Driven Series Pump. Send for Gatalog No. 20 


DE LAVAL STEAM TURBINE CO., Tronton, N. J. | 
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"General Electric Company 4 





Curtis Turbine 
Generators Appeal 
To The Practical 


Engineer 





Because 


No internal lubrication is re- 
quired and the exhaust steam 
is absolutely clean and may be 
turned into the heating system 
without risk of clogging it with 
oil— 


Or 


if the turbine is operated con- 
densing the condensed steam 
may be returned to the boiler 
free from oil. 





Because 


The turbine may be brought 
up to speed ready to carry load 
almost instantly—no warming 
up, draining or other prelimi- 
nary delays are necessary 


And 


the turbine is not injured if 
flooded with water while in 
operation. 


Curtis Turbine Generators 
need only to be known 
to be appreciated by all. 





rincipal Offices: Schenectady, N. Y. 
“ew York Office: 30 Church St. 











' Sales Offices in all Large Cities 


pe? 
* 








An Automatic System of Lubrication is a 
Notable Feature of the New 


American=Ball 
Angle Compound 


We place no reliance upon “splash” lubrica- 
tion. A direct acting pump attached to the high 
pressure-valve rock shaft forces a generous 
stream of oil through a system of direct pipes 
with sight feeds to every bearing point, flooding 
the surfaces and reducing friction to its “‘irre- 
ducible’’ minimum. 

A tank, high up on the vertical cylinder 
frame, is maintained constantly full (as indica- 
ted by a float and ‘“‘tell-tale’’) so that in case of 
accident to the force pump there remains always 
a quantity of oil that will feed to all points by 
gravity. This tank may be filled by hand in 
an emergency and the engine kept running. 
This is a most important and valuable detail. 

The new angle compound is a remarkable 
combination of good practical details. It will 
pay you to investigate. Write for details. 


The American Engine Co. 


Builders of American-Ball Simple and Compound Engines; 
Direct Current Dynamos and Motors; 
Complete Generating Sets. 


22 Raritan Avenue, Bound Brook, N. J. 


BOSTON OFFICE: 49 FEDERAL STREET. 
Hunt, Mirk & Co., San Francisco, Cal. 
George J. Caldwell & Co., Minneapolis, Minn. 
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Winenzel’ Producer Gas Power Plant 


READ WHAT A FEW USERS OF THE 


Winensel Producer Gas 
Power Plants 


HAVE TO SAY:- 


Engineer Electric Light Plant: 


“ Wauenzel plant reliable, dependable and economical power. Better than 
steam in every way.”’ 


Flour Mill Proprietor :— 
“ Wsenszel Suction Gas Power Plant economical and satisfactory power.”’ 
Manager Electric Light Plant :— 


“ Better results could not be expected from any known power than we are 


getting from WWuenszel Suction Plant. Fuel expense less than 4 of a cent 
K. W. hour.” 


Factory Superintendent :— 


“ Winensel plant has proven very satisfactory in every way, especially 
financially.” 


Manager Pumping Station :— 


‘Cost less than } of a cent per B. H. P. for coal. It works fine. Can 
highly recommend Wawuenzel Suction Gas Plant.”’ 


GO Plants—aggregating 8000 Horsepower— 
in successful operation. AsK for Catalog G 


MINNEAPOLIS STEEL AND MACHINERY COMPANY 
THE LARGEST MANUFACTURING PLANT IN THE WEST 


MINNEAPOLIS 
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You Don't Have To oStick To The 


Yearly Oi1 Cositract sagYou 
WontWant ToWthes Once Now est 


























a —_ : 
- a If you are held down by a yearly oil contract in- 
Frrace \a/ 
vestigate Keystone Grease now. A year doesn’t 


last forever and, when it’s up, it’s up to you to go after better, 
more economical lubrication for your machinery. 


Keystone Is The Modern Lubricant 


There’s no doubt about the superiority of the right grease over 
; the best oil—and ‘‘Keystone’”’ is the right grease as innumerable 
5 tests have proved. It has a natural body which is unaffected by 
heat or cold; it contains no fat, acid, gums, rosin, talc, graphite 
or other adulterants; it is clean, pure, reliable and it lasts 50 
times as long as oil. 





tes. Senda: 





Na as 


Investigate it—test it—and you’ll become a ‘‘Keystone”’ convert. 


See Our Advertisement On Front Cover 





Ff 


Keystone Lubricating Co., 


Department B. 


PHILADELPHIA, PA. 


‘-w England Office—10 Oliver Street, Boston, Mass. New York City—96 Warren Street. 
( ago Office—1210 Tacoma Building. Southern Office—610 Chartres Street, New Orleans, La. 
iwestern Office, 502 McPhee Building, Denver. San Francisco Office and Warehouse—268 Market Street. 
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120 POWER AND THE ENGINEER. 





July 14, 1908. 








Steam Line Valves give"no trouble when ~ 
packed with 





TwistT 


so that it does not harden in service. 


and dirt. 
for one. 


109 Duane Street, 







PALMETTO 
PACKHING 


Made of a material that heat cannot affect and perfectly lubricated 


Each strand perfect in itself and by unstranding any size can be 
obtained. On one pound spools in neat boxes to keep it free from grit 
A FREE sample spool will make you a constant user. Send - 
Sizes above }” braided solid round and square. 


Greene, Tweed @© Co. 


Sole Manufacturers 


. 
| 
, i 


44 


~ 
~ 


sal 


| 


- 


| 


» } 


=) >) 
es 





New York City 
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THE BRISTOL COMPANY 


SPECIALISTS IN 


Recording Instruments 
FOR 


PRESSURE 
TEMPERATURE 


AND 


ELECTRICITY 





Wm. H. Bristol 
Recording 


Shunt Ammeters 
—_And— 
Bristol’s 

Recording Pressure 

And 
Vacuum Gauges For Power Plants 


The BRISTOL CO., Waterbury, Conn. 


BRANCH OFFICES 
114 Liberty §t., NEW YORK, 753 Manadnock Building, CHICAGO. 














STARRETT 


SPEED INDICATORS 


OR REVOLUTION COUNTERS 


No, 104.—This indicator may be 
run at the highest speed required without 
heating. The working parts are encased. 
Dial has two rows of figures, reading right 
or left as the shaft may run. Steel 
pointed spindle with rubber tips for both 
pointed and centered shafts. The (0) 
mark may be instantly set at starting point. 


Price,Postpaid,$1.00 


No. 107 .—Has 
all the good points of 
the above, and in 
addition has a hard 
rubber handle for in- eB 
sulation when used{(@auaam 
on electrical machin- 
ery. It also automatically registers 
the number of revolutions up to 5,000, 
thus relieving the mind from keeping 
count. 


Price, Postpaid, $3.00 


Send for Free Catalogue, No. 17-R, of Fine Toote 


The L. S. Starrett Co. 


Athol, Mass., VU. Ss. A. 
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